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ABSTRACT 


The present study was undertaken to develop a reproducible method 
for the conjugation of fluorescein isothiocyanate (FITC) to immuno- 
globulins and to assess the sensitivity and specificity of direct immuno- 
fluorescence staining for the rapid identification of coxsackie B viruses 
in tissue culture cells. Immune sera were obtained from guinea pigs 
immunized with coxsackie B viruses. Type-specific conjugatesto coxsackie 
B viruses were prepared by labelling immunoglobulins with FITC by a 
dialysis method. The conjugates had weight (ug/mg) fluorescein/protein 
ratios ranging from 5.0 to 7.1 and estimated molar F/P ratios from 2.1 
tO72.9, ihese mon iiei tee were applied directly to stain HeLa cells 
infected with coxsackie B viruses. Two types of specific fluorescence 
were observed in homologous staining: intense perinuclear fluorescent 
masses and pin-point foci of cytoplasmic fluorescence. Homologous 
staining titers of the conjugates varied from 1:40 to 1:160, while 
heterologous staining revealed only low levels of diffuse cytoplasmic 
fluorescence at conjugate dilution 1:5. At the end-point dilution, the 
conjugates possessed no heterologous staining reactivity but displayed 
brilliant (4+) specific staining. The specificity of the fluorescence 
staining was based on the following observation. Staining occurred only 
with intracytoplasmic viral antigen homologous to the conjugate. No 
staining was observed when conjugates were applied to uninfected HeLa 
cells, and no staining was produced by applying conjugated normal serum 
to virus-infected cells. Furthermore, specific staining was completely 


inhibited by pre-treating the preparation with unconjugated immune serum 
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homologous to the antigen being stained, but not by pre-treatment with 
heterologous immune sera or normal serum, In the present study, the 
direct immunofluorescence technique was both sensitive and specific in 
identifying coxsackie B viruses in tissue culture cells. This technique 
shows good potential in its application to the detection of viral 


antigens in human or animal tissues. 
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ABBREVIATIONS 


AGMK - African green monkey kidney 

DEAE - diethylamino ethyl 

FDA - fluorescein diacetate 

FITC = pierescein isothiocyanate 

F/P - fluorescein/protein 

HBSS - Hanks' balanced salt solution 

HeLa - human carcinoma of cervix (cell line) 
HEp-2 - human epidermoid carcinoma of larynx (cell line) 
IU - international unit (of antibiotics) 
LD. - 50% lethal dose 

MEM - minimal essential medium 

PBS - phosphate buffered saline 

TCID. 9 - 50% tissue culture infectious dose 
UFM - unreacted fluorescent material 
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INTRODUCTION 


The principle of immunofluorescence staining (also known as the 
fluorescent antibody technique) is based on the fact that, in an antigen- 
antibody reaction, the antibody becomes bound to its homologous antigen. 
By labelling the antibody with a fluorescent age which can be visualized 
by fluorescence microscopy, the site of the antigen-antibody reaction can 
be observed. The presence of labelled antibody then designates the 
location of its homologous antigen. 

It has been established that the antibody molecule can be 
covalently linked with fluorescent dyes without destroying its immuno- 
logic specificity. Fluorochromes react with certain chemical groups in 
the protein molecule, including the amino and carboxyl groups at the ends 
of each protein chain, amino group in the lysine side-chain, or carboxyl 
groups in the aspartic and glutamic acid residues (Nairn, 1969). The 
two most commonly used fluorochromes are fluorescein and lissamine 
rhodamine B (RB 200). Fluorochromes must have a high fluorescence 
efficiency to be suitable for preparation of conjugates. Fluorescence 
efficiency or quantum yield is defined as the ratio of the number of 
quanta emitted to the number absorbed. The ratio is always less than 
one because there is more quanta of light absorbed than is emitted in 
the form of fluorescence. The fluorescence efficiency of fluorescein 


is 0.70 and that of rhodamine B is 0.25 (Nairn, 1969). The former 


1. A fluorescent dye or fluorochrome can be excited by light 
of short wavelength (e.g. ultraviolet) to emit visible light of longer 
wavelength, which can be observed as "fluorescence". 
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fluorochrome is most frequently used to label serum because of its higher 
fluorescence efficiency. Furthermore, fluorescein emits a green fluores- 
cence which is sufficiently different to be distinguished from the blue 
autofluorescence of animal tissue. 

Fluorescein has to be converted to a reactive form, without 
affecting its fluorescent structure, which possesses chemical groups 
capable of forming stable covalent bonds with protein (Figure 1). The 
introduction of fluorescein isothiocyanate (FITC) by Riggs et al (1958) 
has greatly simplified fluorescein conjugation. FITC replaced the 
previously used fluorescein isocyanate as the fluorochrome of choice by 
virtue of its stability, lack of toxicity and ease in preparation. The 
commercial availability of FITC of high purity has been an important 
stimulus in the field of immunofluorescence. 

Conjugation of globulins with FITC is a complex subject. It has 
been extensively reviewed by Goldman (1968) and Nairn (1969) in their 
excellent textbooks to which constant references were made throughout 
this study. In the following review, some details of close relevance to 
our methodology are presented in order to elucidate the complexities 
concerning the subject. 

Antisera for FITC labelling are prepared according to the same 
principles as those used in general immunological work. Virus antigens 
and other kinds of antigens are purified in various ways prior to 
inoculation into suitable animal hosts in order to reduce contaminant 
antigens derived from the tissues in which the virus is propagated. A 
rather large total dosage of antigen is gradually given to the animal 
host by practically any route other than orally and over a period of 


several weeks to several months. Crude fractions or highly refined 
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Figure 1 


FITC Conjugate with e-amino Group of a Lysine Residue 


in a Protein. 


globulin fractions are prepared from sera by different methods before 
FITC labelling. One of the most commonly adopted methods to precipiate 
globulins from the serum is by erin sulfate fractionation. Kaufman 
and Cherry (1961) first pointed out that contamination of globulin with 
0.08 M or. greater concentration of ammonium sulfate interfered with 
conjugation to FITC. On the other hand, Hebert and Pittman (1965) 
showed that precipitated globulins lost over 99% of their ammonium 
sulfate within 6 hours of dialysis (in a 27/32-inch bag) against 200 
volumes of saline. 

Two methods of labelling globulins with FITC are currently used: 
the direct method and the dialysis method. 

With the direct method of labelling, the FITC solution is added 
directly to the globulin solution. Hebert et al (1972) have described 
in detail this technique which is used in several laboratories. 

The dialysis method was devised by Clark and Shepard (1963). 

With this method, the globulin solution is dialyzed against the FITC 
solution so that the dye diffuses through the dialysis membrane into the 
globulins. Conjugates prepared by this method exhibit considerably less 
nonspecific staining than conjugates prepared by the direct method, 
provided that the concentration of FITC did not exceed 20 mg per gram 

of protein. 

All conjugates contain buffer salts which are removed by dialysis. 
The conjugates also contain various unwanted fluorescent components such 
as impurities from the original fluorochrome used, hydrolyzed fluoro- 
chrome or other products formed during the conjugation reaction. These 
unwanted fluorescent components are collectively called unreacted 


fluorescent material (UFM). They must be removed from the conjugates 


hak Wome mi sapien ti oe 


| ges!) eiiletshbenayy 7) 4h) La He PRR kare bedaqest wsregu\ ao) apse 


stoisd shodsan he 


ha et] $3 eho ee possi 


doty ac tiudens Ao nptiae 
rhe hee = en Sak 
C£B0E) cand 2 We abot bith: Seuss xo 

on Is ried to! oe avo gaol og hinint 2 


os nig baad Sacaiile s a2) araytolh Be ae 


sbeou + fines a2 DIR dk weuttantote pitied oe 
Dig Bndbsiean nbeylans od aie 

sahil’ a sieht oa’ au wget tates 3 2 hadi ssl | 
bpd oaul seed 2) ah sandet potion atin sn di 
wb lid: iw |e sate snasciton ‘sit bast ah 
teak: 7d Lisle cdialiek aie ai. | | 
ane ate > 4, nal oonns ipa. 


* coms ea we» soit ae. tebageb “| 


ie 


:45 ryonniodeh, ti 


ot) 47a} acta detain atari 


(bodawer Tail edt 3 Fant weet singed A kane 
Patek) Baie Bir pe i so oie die hie a“, to eoksexiaaoges Sit aly as a 
/ den te 


abavindhevd Os etitr: wus Watats as 6s aenrre gi pens 142 gaan ibs. \ * i 


Aske’ ose ygs: 4” eategaet - beanaeiy MUOR TAY. Yaihaio> gall aspaeltreg sat aA 
=crou lt hesv¥e sho! Jbae: perce tehsorr ant? teteaiac ets ee Borjas @B 


yi cue * “4 


jenil .woiseeee aokamadties vi ign wi Heian? 0? hens wale +0. oRtosto 
bssosuine betwee Quits Too Stay Bipereagny 5 dah woot ‘Paewau 
j ‘ Tots 
wot egurabs ha: alt bévctee Si) aon ean. GURWY Usitaenc taosderaild ) 


' anil - 4 » 5 
x _ 7 f mis oe 


Since they constitute an important source of nonspecific staining. UFM 
is best removed by gel filtration through a Sephadex G-25 or G-50 column 
ater: 1969). 

McKinney et al (1964a) have extensively studied the factors that 
control globulin labelling with FITC. They reported that conjugation of 
rabbit immunoglobulins was accurately controlled by the amount of FITC 
used. The conjugation reaction was essentially completed in 30 minutes 
if the reaction temperature was at ish op the protein concentration at 
2.5% (25 mg/ml) and if a 0.05 M phosphate buffer (pH 9.5) was used. They 
indicated that conjugation at 25°C allowed much more efficient utiliza- 
tion of FITC and consequently more reproducible results. However, these 
workers were testing conjugates on bacterial smears only. They did not 
therefore discuss nonspecific staining frequently encountered with tissue 
culture cells or sections of animal tissue. 

Immunofluorescence staining in these host systems was investigated 
by Spendlove (1966). He conjugated anti-reovirus immunoglobulins from 
several animal species with varying concentrations of FITC to determine 
whether the optimal concentration of FITC to be used in conjugation was 
different for each immune serum. He had assumed that globulins of high 
antibody titer could be labelled more heavily since they could be diluted 
further to eliminate nonspecific staining. The results obtained, however, 
showed that conjugation conducted at the proportion of 20 mg of FITC per 
gram of protein was optimal for all sera. Use of FITC at higher con- 
centrations (even at 21 mg per gram of protein) would lead to excessive 
nonspecific staining which kept increasing with the concentration of 
the dye. To obtain more uniform labelling and eliminate the occurrence 
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of "pockets" of high FITC concentration, Spendlove devised a modification 
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of the direct method of labelling. He adjusted the pH to 9.5 after FITC 
was mixed with the serum proteins. 

Stainingreactions with FITC conjugates are relatively simple to 
perform. The same basic procedures are applied whether information is 
sought on the antigen or the antibody. Since the purpose of this study 
is to identify viral antigens, the methods employed to demonstrate 
unknown antigens are hereby described. Unknown antigen is detected by 
means of known antibodies, using either the direct method or the 
indirect method of staining. There is also the complement method of 
staining which is less frequently used. 

The direct method of staining was devised by Coons et al (1942) 
who introduced the immunofluorescence technique and was modified later 
by Coons and Kaplan (1950). Specific immunoglobulins are labelled with 
FITC and the conjugate is directly used to stain microscopic preparations 
containing the homologous antigen. 

The indirect method of staining was introduced by Weller and 
Coons (1954). It is a two-stage procedure in which the antigen prepara- 
tion is first treated with homologous antiserum and subsequently the 
antigen-bound globulin is stained by means of labelled animal-species-— 
specific antiglobulin. 

The complement staining method was introduced by Goldwasser and 
Shepard (1958). This method is based on the fact that most antigen- 
antibody reactions bind complement. The antigen is first treated with 
a mixture of inactivated unlabelled antiserum and guinea pig complement. 
Thereafter, a FlTC-conjugated anti-guinea pig complement is applied. 

The disadvantage of this method lies in the number of controls required 


to establish the specificity of any fluorescence produced, since any of 
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the three reagents involved may be a source of nonspecific staining. 
When the immunofluorescent technique was introduced by Coons et al 
in 1942, it seemed promising to revolutionize the diagnostic methods of 
viral diseases. It permits the rapid identification of specific viral 
antigens and requires relatively simple equipment within the capacity 
of most virus diagnostic laboratories. However, despite successful 
applications to the diagnosis of influenza by Liu (1956) and of rabies 
by Goldwasser and Kissling (1958), the technique has not lived up to 
expectation in diagnostic virology. The recent publication of a mono- 
graph by Gardner and McQuillin (1974) should encourage its general use. 
Our interest in the diagnosis of coxsackie B viruses (types l 
to 6) by immunofluorescence originated from their role as a possible 
causative agent of chronic cardiac diseases (Lerner and Wilson, 1973). 
Like the morphologically similar coxsackie A viruses, polioviruses and 
echoviruses, coxsackie B viruses are enteroviruses in the picornavirus 
group. Complete virions are 18-25 nm in diameter, being composed of a 
single-stranded RNA molecule enclosed in a naked protein capsid with 32 
capsomers. Cubic symmetry of the icosahedral type has been suggested as 
the structural form (Melnick and Wenner, 1969). Virus replication 
appears to take place in the cytoplasm of host cells (Levintow, 1974). 
Immunofluorescence staining has not found wide application to the 
rapid identification of enteroviruses. Buckley (1956, 1957) was one of 
the first investigators to show, by immunofluorescence, the sequence of 
events in tissue culture after infection with polioviruses. She 
described in detail the morphology of the newly formed viral antigen at 


different stages after infection. 
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Shaw et al (1961) reported the use of a direct immunofluorescent 
technique to identify certain coxsackieviruses and echoviruses. Rabbit 
antisera to these viruses were pooled according to the scheme of Lim 
and Benyesh-Melnick (1960). The serum pools were conjugated with RETO, 
then absorbed with rabbit brain, liver powders and monkey kidney cells 
to reduce nonspecific staining. With the help of rhodamine B as counter- 
stain, a rapid although provisional identification of the enteroviruses 
in tissue culture was achieved. 

Hatch et al (1961) and Hatch (1963) employed the direct immuno- 
fluorescent technique to identify enteroviruses, including coxsackie B 
viruses in monkey kidney cells inoculated with stool specimens. FITC 
was conjugated to type-specific antisera. The conjugates were absorbed 
with monkey liver powders and monkey kidney cells to reduce nonspecific 
staining. Infected cultures were stained at an early stage of cytopathic 
change. All isolates identified by the immunofluorescent method were 
confirmed by neutralization tests and the technique was regarded as highly 
specific. 

Zalan et al (1965) applied the indirect immunofluorescent tech- 
nique to identify group A coxsackieviruses propagated in primary human 
amnion cell cultures. Some cross-reactions were noted between some of 
the serotypes but they could be easily differentiated from type-specific 
reactions by the intensity of fluorescence. Nonspecific staining was 
reduced by absorption of the antisera with mouse liver powder and human 
amnion cells. 

Sommerville and Macfarlane (1964) utilized the indirect immuno- 
fluorescent technique to detect group B coxsackieviruses in human leuko- 


cytes and in cells from cerebrospinal fluid (Sommerville, 1966). 
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Specific fluorescence was reported but the results await confirmation. 

Contrary to the type-specific immunofluorescence reported by 
previous workers, Chaudhary and Westwood (1970) observed strong cross- 
reactions within and between the poliovirus, coxsackievirus and echo- 
virus groups. Using the indirect immunofluorescent technique, viruses 
were grown in green monkey kidney cells and demonstrated by rabbit 
antisera together with conjugated guinea pig anti-rabbit globulin. They 
concluded that the cross-reactions represented a group-specific response 
as the result of shared specificity within the enterovirus group. 

The most noteworthy report to date on the immunofluorescence 
staining of group B coxsackieviruses was by French and co-workers (1972). 
The sensitivity and specificity of the indirect immunofluorescent tech- 
nique were assessed. Antisera produced in monkeys and hamsters and 
immune ascitic fluids from mice were tested for homologous and hetero- 
logous staining of BS-C-1 cell cultures infected with group B coxsackie- 
viruses. Acetone-fixed microscopic smears were prepared from trypsinized 
culture cells. Each smear was treated with two-fold dilutions of immune 
sera, then stained with a "working dilution" of FITC-conjugated anti- 
species globulin. Immune reagents from these species showed some hetero- 
logous and nonspecific staining at low dilutions. However, no consistent 
patterns of heterologous staining were demonstrated. It was observed that 
the immune reagents could be diluted to a point where they gave no hetero- 
logous reactivity, but still showed characteristic homologous staining. 
Using an appropriately diluted hamster antiserum, this group of workers 
reported the correct identification of 79 (93%) from 85 field strains of 
group B coxsackieviruses after one passage in BS-C-1 cells, while the 


remaining strains were identified after two passages. Nevertheless, they 
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failed to detect homologous staining in excess of nonspecific or hetero- 
logous staining in two human heart and brain tissues from which coxsackie- 
virus B4 had been isolated. This report presented encouraging results 

in the use of indirect immunofluorescence staining for identifying group 

B coxsackieviruses in tissue culture, but the technique failed in its 
application to human tissues. Moreover, the methodology was not suffi- 
ciently standardized. No fluorescein/protein ratio of the conjugates 


“working dilution" of the conjugates quanti- 


was mentioned, nor was the 
tatively explained. More significantly, the specificity of the 
homologous staining had not been confirmed by antibody blocking tests. 

The etiological role of coxsackie B viruses in cardiac diseases 
was extensively studied by Burch et al (1967, 1968). They demonstrated, 
by direct and indirect methods of immunofluorescence staining, the 
localization of coxsackie B virus antigens in human heart tissues taken 
at autopsies. In most instances, however, staining of heart tissues by 
immunofluorescence showed positive results with antisera to more than one 
type of coxsackie B viruses. Their supporting evidence was not entirely 
satisfactory for the lack of proper controls. 

The ultimate goal of this investigation is to assess the role of 
coxsackie B viruses in the etiology of human myocardiopathy. In anti- 
cipation of the complexities of tracing viral antigens in animal tissues 
in vivo, the parameters of immunofluorescence staining must first be 
explored in vitro using an experimental host system of tissue culture 
cells. The present study was therefore undertaken to develop a repro- 
ducible method for the conjugation of FITC to immunoglobulins and to 
assess the sensitivity and Be ee of direct immunofluorescence 


staining for the rapid identification of group B coxsackieviruses in 
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tissue culture cells. Such a study is essential prior to applying the 
immunofluorescent technique for the detection of coxsackie B viruses in 


animal tissues. 
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MATERIALS AND METHODS 


1. Virus Strains 
The following certified virus strains of group B coxsackieviruses 


were employed throughout this study. 


Coxsackievirus Bl (Connecticut 5) 
Coxsackievirus B2 (Ohio 1) 
Coxsackievirus B3 (Nancy) 
Coxsackievirus B4 (JVB) 
Coxsackievirus B5 (Faulkner) 


Coxsackievirus B6 (Schmitt) 


The coxsackievirus B3 strain was obtained from Dr. M. H. Hatch, 
Enteric Virology Unit, National Communicable Disease Center, Atlanta, 
Georgia. All the other strains were obtained from the Research Reference 


Reagent Laboratory, National Institute of Health, Bethesda, Maryland. 


2. Tissue Culture Cells 

Two lines of human cells, both obtained from Flow Laboratories, 
were employed. The HEp-2 cells (human epidermoid carcinoma of larynx) 
were used primarily for the propagation of viruses, whereas the HeLa 
cells (human carcinoma of cervix) were used for virus propagation, 
virus titration and the preparation of coverslip cultures. 

In addition, primary African green monkey kidney cells (AGMK) 
obtained from Connaught Laboratories were used for virus propagation, 


titration as well as neutralization tests. 
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3. Tissue Culture Media 

The growth medium for HEp-2 and HeLa cells consisted of Eagle's 
minimal essential medium (MEM, with Earle's salts) supplied by Flow 
Laboratories. It was supplemented with 10% fetal bovine serum, 100 IU/ml 
of penicillin-G, 100 yg/ml of streptomycin sulfate, 15 IU/ml of mycostatin, 
and was adjusted to pH 7.4 with 7.5% sodium bicarbonate. 

Eagle's MEM supplemented with 2% fetal bovine serum, 0.5% lactal- 
bumin hydrolysate (Grand Island Biological Co., Inc.) and antibiotics 
was used for the growth of primary AGMK cells. 

For each type of cell culture, the maintenance medium was equi- 


valent to the growth medium without fetal bovine serum. 


Ly Propagation of Viruses 


The viruses used for the preparation of immune sera (designated as 
vaccine viruses) were propagated four times in primary AGMK cells and sub- 
sequently three times in HEp-2 cells. This was followed by a final passage 
in HeLa cells because at that particular time HEp-2 cells were not readily 
available. These vaccine viruses were labelled as AGMK, /HEp-2.,/HeLa, . 

The viruses used for the infection of coverslip cultures (designated 
as seed viruses) were propagated four times in primary AGMK cells followed 
by four passages in HEp-2 cells, and were labelled as AGMK , /HEp-2, . 

Eight Roux bottles containing monolayers of culture cells were 
routinely used for each virus passage. Prior to inoculation, the tissue 
culture growth medium was discarded. Ten ml of a virus suspension, con- 
taining approximately 10°TCID, ,/0.1 ml (tissue culture infectious dose), 
were inoculated into each bottle culture. The virus was allowed to 


adsorb to the culture cells for 60 minutes at 37°C. After the adsorption 


2‘etped Rw at as ; 7 
wilt et a tag tia rer 
(ott OOL  tnree och 3 it 


Pia! ¥; 
teed aye So Ties he aN ie Rae ios 


~Taisael $240 me ER 


eter 


4tUpS. Shi dul ES rks ait oven 
‘mutoe sake ‘bihad ore 


+ pla pt $-qu\ ue’ s bettedy 
astinhtibbeieed ie si stored LO kane NAniaaps, ot wis ‘aan er ae 
bine ERSaN Bae? wh. " oe tae ala ‘Wand patraey 4 whey (beaardby hase | ti, 

iS va POA en salto san bas | wattle n S-4ey at nagitdadle ure, we 

a¥on ehloy sesurd Farge he areal bs ont apy nr adi peli ae gimp Vda bs . Bi 
oeRhey sii otis 6 Torsion det F ~speaeh RU YEN Tyce 20 Seat Hanksdbs | ks 
was .a0lamege a <9 whi: tn ie ‘hab: Lege ty ofw netFbags Lvvowr iit wta ‘stpiig : | 
«(oar anol: jor? os up) Dan ee Of ene ae oe “4 


od Baers Tip ensty. wat Jay LS tines fisee Grn banat ianiet alent 


, ory miiA a Sovuirke wi) Hfiso. osgstus este fa Jd towhs f 


7 A i su 3 
[om 7 oe aiv, ' : ) a vy BT A a a 


14 


period, 100 ml of tissue culture maintenance medium were added. The 
infected cells were incubated at 37°C and harvested when complete cell 
degeneration (4+ cytopathic effect) occurred, usually after 24 to 48 
hours of incubation. 

The infected cultures were frozen at -70°C and thawed at room 
temperature for three consecutive times. Thereafter, the content of each 
Roux bottle was pooled. The pooled culture fluid was centrifuged at 
8,000 rpm for 60 minutes at 4°C in a Sorvall RC-2 centrifuge with a 
SS-34 rotor to remove cellular debris. The virus-containing supernatant 
was treated with fluorocarbon (Genesolv-D, trifluorotrichloroethane, 
Allied Chemical) according to the method of Hamparian et al (1958). One 
volume of fluorocarbon was added to two volumes of virus suspension and 
the mixture was homogenized while the treatment vessel was submerged 
in an ice bath. The mixture was kept at 4°C overnight to allow separa- 
tion of the organic phase from the aqueous phase. . The virus-containing 
aqueous phase was subsequently removed and centrifuged as described 
above. The supernatant was decanted, pooled and assayed for viral 


: : Oo 
infectivity. The virus preparation was preserved at -70°C. 


Dee Titrationcof Virus Infectivity 


The amount of infectious virus present in the fluorocarbon- 
treated virus suspensions was titrated in tissue culture according to 
standard methods (Schmidt, 1969). After the final passage, the vaccine 
virus preparations (AGMK, /HEp-2,/HeLa, ) were titrated in HeLa cells 
because other cell types were not available at that time. The seed 
virus preparations (AGMK, /HEp~2,) were titrated in primary AGMK cells 


and HeLa cells. 
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In each titration, ten-fold dilutions of virus were prepared with 
tissue culture maintenance medium. Each virus dilution, in 0.1 ml | 
amounts, was inoculated into four tubes of culture cells. The inoculated 
cultures were incubated at 37°C and examined daily for cytopathic effect 
(degeneration) over a 7-day period. The 50% end-point was determined by 
calculating the highest virus dilution which produced cytopathic effect 
in 50% of the cell cultures inoculated (Reed and Muench, 1938). The 
virus titer was expressed in TCID, 4 per 0.1 ml (50% tissue culture 
infectious dose). 

Attempts were made to titrate the viruses in suckling mice (one 
day old). Virus dilutions were prepared as described above and 0.02 ml 
of each dilution was inoculated intracerebrally into eight suckling mice. 
Inoculation via the intraperitoneal route (0.04 ml per mouse) was also 
attempted. The inoculated mice were examined for mortality over a 


period of 14 days. 


6. Preparation of Immune Sera 


Female guinea pigs (age 3 to 4 months, weighing 350 to 450 g) were 
used as host animals. Prior to immunization, the guinea pigs were bled 
for normal serum (designated as pre-immunization serum). Each animal 
received a series of three injections of undiluted virus suspension 
(approximately 10°rcI ../0.1 ml) at weekly intervals via the following 
routes; 1.0 ml intraperitoneally and 0.5 ml subcutaneously (into the 


interscapular brown fat). In the fourth week, each animal received 


1.5 ml of a virus-adjuvant mixture” intraperitoneally and 0.5 ml 


2. The adjuvant was prepared by mixing 9 volumes of paraffin oil 
with 1 volume of Arlacel A (mannide monooleate, Atlas Chemical Industries, 
Inc.). Equal volumes of virus Suspension and the adjuvant were then com- 
bined and shaken until homogenous to obtain the virus-adjuvant mixture. 
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subcutaneously. The animals were test-bled in the sixth week. During 
the seventh and eighth week, each animal was given booster inyedetons 
of 2.0 ml of the virus-adjuvant mixture intraperitoneally and 1.0 ml 
subcutaneously. 

The animals were bled out by cardiac puncture approximately four 
weeks after the last injection. The immune serum was separated from the 
clots and centrifuged at 8,000 rpm for 60 minutes at 4°C in a Sorvall 
RC-2 centrifuge with a SS-34 rotor. The supernatant serum was pooled 
and preserved at -70°C until use. “ 

In this manner, immune sera to each of the coxsackie B viruses 
were obtained. A batch of normal serum was prepared by bleeding out 
non-immunized guinea pigs. This normal (non-immune) serum was used for 
the preparation of a control FITC-conjugate. The pre-immunization sera, 
because of their small quantity, were reserved for performing antibody 


blocking tests. 


7. Determination of Neutralizing Antibody Titers 


The level of neutralizing antibodies in each anti-coxsackie B 
virus immune serum obtained from guinea pigs was determined by neutrali- 
zation test, using primary AGMK tube cultures as host system. Neutrali- 
zation titers were determined by the constant virus-varying serum method, 
in which dilutions of serum were tested against a constant dose of virus. 
The method of Melnick and Wenner (1969) was used. The immune sera were 
absorbed with HeLa cells which were used for the propagation of vaccine 
viruses. Immune sera before and after HeLa cell absorption were tested 


in parallel to detect the effect of anti-HeLa cell antibodies on the 


neutralization titer. 
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Before each test, the serum was inactivated at 56°C for 30 minutes 
to remove nonspecific inhibitors of virus infectivity. The challenge 
virus consisted of a constant dose of 100 TCID,)/0.1 ml of tissue 
culture-passaged seed virus (AGMK, /HEp-2, ) from the respective coxsackie 
B virus strain. Ten-fold virus dilutions and two-fold serum dilutions 
were ted prepared with tissue culture maintenance medium. Virus in 1 ml 
amounts, calculated to contain 100 TCID,.) per 0.1 ml, was added to an 
equal volume of each serum dilution. The mixtures were incubated at 
37°C for 60 minutes, then inoculated in 0.2 ml amounts into each of four 
culture tubes per serum dilution. A back titration of virus titer was 
conducted using 100, 10 and 1 TCID, )/0.1 ml of virus. The cultures 
were incubated at 37°C and examined daily for seven days to detect 
cytopathic effect. The neutralization titer was determined as the 
highest serum dilution which "protected" the cultures against the 
challenge virus. 

Attempts were also made to determine the neutralization titers of 
the HeLa cell-absorbed immune sera in suckling mice (one day old) using 
a constant virus dose of 100 LD. (lethal dose) per 0.02 ml with 
increasing dilutions of immune serum (Melnick and Wenner, 1969). The 
same principle was applied and virus-serum mixtures were set up in the 
same way as just described. The mixtures were inoculated in 0.04 ml 
amounts intraperitoneally into eight suckling mice per serum dilution. 


The mice were checked daily for mortality for 14 days. 


8. Precipitation of Immunoglobulins with Saturated Ammonium Sulfate 


Serum fractionations were performed with saturated ammonium 


sulfate (760 g per liter) adjusted to pH 7.0 with 1 N sodium hydroxide 
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(Sinha and Reddy, 1964). Ten ml of immune serum were diluted with 10 ml 
of deionized water. Subsequently 20 ml of saturated ammonium sulfate 
solution were added dropwise with stirring at 4°C. The mixture was kept 
at 4°C overnight and then centrifuged at 8,000 rpm for 60 minutes at 4°C 
in a Sorvall RC-2 centrifuge with a SS-34 rotor. The supernatant was 
discarded and the packed globulins were dissolved in deionized water to 
a final volume of 10 ml. A second precipitation was performed similarly 
by adding 10 ml of saturated ammonium sulfate to the dissolved globulins. 
The mixture was centrifuged immediately as described above and the final 
precipitate was dissolved in 0.85% sodium chloride to a final volume of 
about 5 ml. The reconstituted globulins were dialyzed, in a 3/4-inch 
diameter dialysis tubing, against 4 liters of 0.85% sodium chloride 
(adjusted to pH 7.0) at 4°C with four to five changes of saline over a 
two-day period to remove traces of ammonium sulfate. The dialysis was 
considered complete when no cloudiness was observed in mixing equal 


volumes of the dialyzing saline and a saturated barium chloride solution. 


9. Determination of Protein Content by the Biuret Reaction 


The protein in the dialyzed globulin sample was determined by the 
biuret reaction. The biuret reagent was prepared according to Gornall 
et al (1949). A protein standard curve was prepared for each batch 
(500 ml) of biuret reagent, using rabbit gamma globulin, fraction II 
(Miles Laboratories), as the standard. The standard protein was 
dissolved in PBS, pH 7.2, at 5 different concentrations ranging from 
0.3 mg/ml to 5 mg/ml. Four milliliters of biuret reagent were added to 
1 ml of each protein solution and to 1 ml of PBS, pH /.2j es Dilank. 


The samples were incubated at room temperature for 30 minutes to develop 
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color. The absorbance of ee chacund was read in 1.0 cm cells against 
the blank at 540 and 560 nm on a Beckman Model 25 spectrophotometer, 

the wavelength calibration and absorbance of which had been checked 
prior to each determination. A linear standard curve was obtained by 
plotting absorabance at 560 nm against protein concentration (mg/ml). In 
measuring the protein content of a globulin solution, the sample was 
diluted 1:10 and 1:20 with PBS, pH 7.2. Then 0.5 ml of each dilution 
was mixed with 2.0 ml of biuret reagent and the samples were incubated 
at room temperature for 30 minutes. A blank was set up by adding 2.0 ml 
of biuret reagent to 0.5 ml of PBS, pH 7.2. The absorbance readings of 
the samples were observed as described above against the blank. The 
protein content of each globulin dilution was determined in duplicate 
and the average arent was converted to milligrams of protein per ml of 


the undiluted globulin solution. 


Oy Conjugation of Immunoglobulins with Fluorescein Isothiocyanate 


The immunoglobulins were conjugated with crystalline fluorescein 
isothiocyanate (FITC, Baltimore Biological Laboratory, Baltimore, 
Maryland) by a modification of the dialysis technique of Clark and 
Shepard (1963). 

Conjugation was conducted in the proportion of 18 mg of FITC per 


gram of protein. The required amount of FITC was dissolved in 0.1M 


Na,HPO, 


a calculated amount of immunoglobulin solution was diluted to a concen- 


and the pH was adjusted to 9.5 with 0.1M Na PO, . Meanwhile, 


tration of 2% protein (20 mg/ml) with 0.2 M Na,HPO,, then adjusted to 


pH 9.5 with 0.1M Na ,P0, (Hebert et al, 1972). 


For labelling, the FITC solution was placed in a dialysis tubing 
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(1/4-inch inflated diameter) and submerged into the immunoglobulin 
solution. Conjugation was allowed to proceed at room temperature for 

4 hours with constant stirring by a magnetic stirrer. Thereafter, the 
conjugation procedure was discontinued by discarding the dialysis tubing 
containing the dye solution. The labelled immunoglobulins were then 
dialyzed, in a 3/4-inch diameter dialysis tubing, against 4 liters of 
0.85% sodium chloride (adjusted to approximately pH 8.5 with 1 N sodium 
hydroxide) at 4°C with 6 to 7 changes of saline over a 3-day period. 


After dialysis, the conjugate was kept at -70°C until further treatment. 


ALR Absorption with HeLa Cells 


The dialyzed conjugate was absorbed with HeLa cells to remove 
unwanted antibodies. HeLa cell monolayers grown in Roux bottles were 
dispersed with 0.25% trypsin (Difco Laboratories), suspended in tissue 
culture maintenance medium and packed at 1,200 rpm in a Model K Interna- 
tional Centrifuge (total volume of packed cells was approximately 0.5 ml). 
The cells were washed with PBS, pH 7.2, and packed in a graduated centri- 
fuge tube successively for three times. After the last packing, the 
cells were re-suspended in 3 ml of conjugate. Absorption of the 
conjugate with the washed cells was allowed to proceed for 30 minutes 
at room temperature, with frequent agitations, and then at AEG overnight. 
The conjugate-cell mixture was centrifuged at 8,000 rpm for 60 minutes 
at 4°C in a Sorvall RC-2 centrifuge with a SS-34 rotor. The supernatant 


conjugate was preserved, 


12. Sephadex G-50 Gel Filtration 


The conjugate was further freed of uncombined FITC by passage 


| through a Sephadex G-50 column (Zwaan and van Dam, 1961). A 12 mm 
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x 350 mm column was packed with Sephadex G-50 Fine (Pharmacia, Sweden) 
gelated in PBS, pH 7.2, at room temperature. A 3 ml sample of the 
conjugate was applied to the column and eluted with PBS, pH 7.2. Two 
yellow-colored bands were observed (with the naked eye) in the column, 
Separated by a distance of approximately 10 cm. The first band contained 
the protein-dye complex and no free dye; the second contained free dye 
only. The first colored fraction to emerge from the column was 
collected. ‘ 

The FITC-conjugate fraction collected from the Sephadex G-50 
column was passed through a 200 nm pore-diameter membrane filter to 
achieve bacterial sterility. Several samples of the same conjugate 
purified by gel filtration were pooled and assayed for fluorescein/ 
protein ratio. 

The above procedures (ammonium sulfate precipitation, conjugation, 
HeLa cell absorption and Sephadex gel filtration) were employed to 
prepare conjugates from type-specific immune sera to each of the coxsackie 
B viruses. For each virus type, the same batch of immune serum was used 
throughout the experiments. A normal (control) conjugate was also 


prepared from normal (non-immune) guinea pig serum. 


13. Determination of Fluorescein/Protein Ratio 


After Sephadex gel filtration, the conjugate was characterized by 


determining its fluorescein/protein ratio (F/P). 


a) Protein Determination 
The total protein concentration (mg/ml) in the conjugate 
was measured by the biuret method, as previously described. 


Absorbance was read in 1.0 cm cells at 560 nm on a Beckman Model 25 


' al shed at SE RO oe ere 
Aap = gmina iy es ee “a ae 


oat ar pee 


wautos adit, tComerae 


boripesoy iret 2avia sat en fe 
veh i co kaha aa me psec 
a 

ey ito a se i ee 


Oe-) silk i grt a ssa 


QF ES yoros Swiss ue Yt, dag 


Hoan 9 iat 9 ‘bans fends ats 


adbiseulleva meta rel are aepis ay . 
bavo! raah staat ides = seh! 
siiepeto> wth. 34 ‘debe ed an 


> ' : Ne 
yd bbe hc kaa are 2H ieagtner. si spanner at: pe tele 
f 

4am obtas bitad gong \n? aoes7 ul) oth sso | a 


Sf oghy rd Orage ge says tsive: Mer ERS NTIS (on? ce bie Wh wo) a : 
bedi a sntgte Yebeddu oeDile add eh boeken eae . | 
MBB) ot (eiior J (ea | (elise wo. Gi ii al bet? eo »-iagvcnele > 4 " 


e 


~ 
s 
| 


— 
' 


| ith | | eo tan le 
ee ae ys an wilh Saal 


Z2 


spectrophotometer, 


(b FITC Determination 

Fluorescein isothiocyanate (FITC) was determined as protein-— 
bound FITC by absorbance in 1.0 cm cells in 0.1 N sodium hydroxide 
at 490 nm (wavelength of maximum absorption) on a Beckman Model 25 
spectrophotometer. The reference standard for FITC determination 
was fluorescein diacetate, FDA>, dissolved in 0.1 N sodium 
hydroxide (McKinney et al, 1964b). A reference standard curve 
was established by measuring the absorbance in 1.0 em cells at 
490 nm of FDA dissolved in 0.1 N sodium hydroxide at various 
concentrations between 1 and 3 ug of FDA/ml. To measure the 
amount of protein-bound FITC, the conjugate was appropriately 
diluted with 0.1 N sodium hydroxide and the absorbance was read 
at 490 nm against the diluent. FDA concentration values obtained 
from the standard curve were converted to protein-bound FITC 
concentration by multiplying with the factor OV Our. 
FDA ug/ml x 1.07 = protein-bound FITC ug/ml. When multiplied by 
the dilution required to read the absorbance, the calculated 
value was the concentration of protein-bound FITC in the conjugate 
in ug/ml. 

The relationship was based on the following: For 

a given spectrophotometer, the extinction coefficient 

(Ej ug/ml) for FDA (0.208) divided by that for protein- 


bound FITC (0.195) is the constant 1.07. The use of 
this factor and a standard curve prepared with FDA 


3. Supplied by Eastman Kodak Co., Rochester, New York. 
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eliminates the effect of variation in spectrophoto- 
meters and relates all measurements of protein- 
bound FITC to the primary reference standard, FDA 
@lebert, et al, 1972). 


(c) Calculation of F/P Ratio 


A weight/weight ratio of fluorescein to protein was obtained 
by dividing the protein-bound FITC concentration (ug/ml) by the 
protein concentration (mg/ml), and was expressed as wg FITC per mg 
protein (ug/mg). After the weight ratio was calculated, it was 
converted to an estimated molar ratio by multiplying with the 


factor 0.411. The latter was derived from the expression 


-3 
160,000 5 10 oy aid 


389 


where 160,000 was taken as the average molecular weight of gamma 
globulin, 389 as the molecular weight of FITC and here converts 


mg's to wg's of FITC (Hebert et al, 1972). 


(d) Storage of Conjugates 


After F/P ratio determination, the conjugates were 


dispensed in 0.5 ml quantities and stored at -70°C until use. 


14. Preparation of Virus-infected Coverslip Cultures 


HeLa cells were grown on glass coverslips (8 mm x 30 mn, Corning 
Glass Works) in Leighton tubes until a full monolayer was obtained. Each 
tube was inoculated with approximately 2 x 10° TCID.g of virus contained 
in 0.2 ml of inoculum. The virus was allowed to adsorb to the HeLa cells 
at 37°C for 60 minutes. Control HeLa cells were inoculated under similar 


conditions with 0.2 ml of maintenance medium. After adsorption, each 


coverslip was rinsed once with 2 ml of Hanks" balanced salt solution 
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(HBSS), pH 7.4, to remove unadsorbed virions. One ml of maintenance 
medium was then added to each tube and the cells were incubated at 37°C. 
After approximately 12-16 hours of incubation, a 2+ to 3+ cytopathic 
effect was observed (50 to 75% of the total number of cells showed signs 
of degeneration). During harvest, each coverslip was rinsed with 2 ml 
of HBSS, pH 7.4, then removed from the tube and air-dried at room 
temperature. The coverslips were subsequently fixed in acetone at room 
temperature for 10 minutes. The fixed coverslips were air-dried and 
preserved at -70°C. For each batch of coverslips prepared, an equal 
number of control coverslip cultures were prepared under similar 


conditions. 


15. Direct Immunofluorescence Stainin 
ing etuorrescence staining 


Immediately before being tested for specific and nonspecific 
staining, each conjugate was diluted to a uniform protein concentration 
of 10 mg/ml with PBS, pH 7.2. Two-fold dilutions (starting at 1:5) of 
the conjugate were then prepared in a 10% suspension of normal mouse 
brain in PBS, pH 7.2 (Lennette et aly 1975) 

The direct method of immunofluorescence staining was employed 
throughout the experiments. Coverslips were overlaid with appropriate 
dilutions of the conjugate in a moist chamber for 30 minutes at room 
temperature, then rinsed with PBS, pH 7.2. The coverslips were subse- 
quently counterstained for 5 minutes with an aqueous solution of 0.05% 
Evans blue (Fisher Scientific Co.). The counterstain was thoroughly 
rinsed away with PBS, pH 7.2, and the coverslips were dipped in distilled 
water to remove salts. Each coverslip was drained of excess water and 


mounted, cell-side down, in a drop of buffered glycerine on a 1 mm thick 
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glass slide. The buffered glycerine, pH 9.5, was prepared by combining 
9 volumes of glycerine with 1 volume of 0.1 M Na ,P0,. 

The preparations were examined immediately with a Zeiss binocular 
dark-field fluorescent microscope. A high pressure mercury lamp, the 
HBO 200 manufactured by the Osram Company in Munich, was used to provide 
ultraviolet illumination of high intensity. A Zeiss KP 500 interference 
filter was used as the primary filter to achieve separation between the 
maximum absorption and emission wavelengths (495 and 520 nm respectively) 
for FITC (Lewis et al, 1973). ° A secondary filter, the Zeiss 50, was used 
between the objective and the eyepiece to permit only transmissions of 
wavelengths above 500 nn, allowing the green emission of FITC-conjugates 
and the red emission of Evans blue counterstain. A non-fluorescent 
immersion oil (Zeiss) was applied between the condenser and the slide; 
12.5x oculars and 10x, 40x (dry) objectives were used for reading. 

For each infected coverslip examined by direct immunofluorescence 
staining, an uninfected coverslip from the same batch was stained in 
parallel as a negative control. 

The degree of fluorescence staining was expressed from 1+ to 4+. 
A reading of 4+ indicated brilliant yellow-green fluorescence and 3+ 
indicated bright green but not brilliant fluorescence. Dull green 
fluorescence was assigned a 2+ or 1+ reading. On this basis, the highest 
dilution of a conjugate which produced a 3+ or 4+ staining reaction was 


selected as the end-point titer of the conjugate. 
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16. End-point Titration of Immunof luorescence 


Staining and Assessment of Cross-reactivity 


The homologous staining titer of each anti-coxsackie B virus 
conjugate was determined by the direct method of immunofluorescence 
Staining, using coverslip cultures foeetaa with the same type of 
coxsackie B virus employed to prepare the conjugate. For example, anti- 
coxsackievirus Bl conjugate was used to stain coverslip cultures infected 
with coxsackievirus Bl. 

The heterologous staining reactivities of each conjugate were 
assessed similarly, using coverslip cultures infected with the other five 
types of coxsackie B viruses heterologous to the conjugate. For instance, 
anti-coxsackievirus Bl conjugate was used to stain coverslips infected 
with coxsackieviruses B2-B6. As a positive control in each heterologous 
staining, a coverslip from the same batch being tested was stained with 
the homologous conjugate (homologous to the virus type with which the 
cells had been infected) in order to demonstrate the presence of the 
specific viral antigen. For example, when anti-coxsackievirus Bl 
conjugate was tested for cross-reactivity with coxsackievirus B4 antigen, 
a positive control was included in which coxsackievirus B4 antigen was 
stained with the end-point dilution of anti-coxsackievirus B4 conjugate. 
This positive control ensured that coxsackievirus B4 antigen was present 
in the infected cells and could be demonstrated with anti-coxsackievirus 


B4 conjugate at its end-point dilution. 


Ie Blocking Tests for Specific Staining 


To establish that any observed staining was immunologically 
specific, antibody blocking tests were performed by the sequence (two-step) 


method of Coons and Kaplan (1950). An undiluted, unconjugated immune 
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serum homologous to the antigen being stained was applied to virus-infected 
HeLa cells. The preparations were incubated at room temperature in a 

moist chamber for 60 minutes and rinsed thoroughly with PBS, pH 7.2. The 
rinsed preparations were drained of excess rinsing buffer and stained 

for 30 minutes with dilutions 1:5 to 1:80 of the conjugate homologous to 
the antigen being stained. The usual procedure of rinsing, counterstaining 
and mounting was followed. Inhibition of specific staining was examined 
under the fluorescence microscope. 

In this manner, the staining specificity of each conjugate was 
assessed by blocking tests using undiluted immune sera homologous and 
heterologous to the antigen being stained. For each blocking test, 
positive staining controls were included. Virus-infected HeLa cells were 
treated with normal (pre-immunization) serum and Stained as described 


above. 


18. Photomicrography 


Photomicrographs of immunofluorescence staining preparations were 
taken with a Zeiss Type CS camera. Two kinds of 35-mm color slide films 
were used according to the recommendation of Elliot et al (1974): Kodak 
High Speed Ektachrome Daylight (ASA 160) and Anscochrome 500 (ASA 500). 
An exposure time of 30-60 seconds was used. Color films were processed 


and made into prints by commercial photo-finishers. 


19. Formula for Preparing Phosphate Buffered Saline 


Phosphate buffered saline, pH 7.2, was prepared according to the 


protocol of Dr. J. L. Riggs, Viral and Rickettsial Disease Laboratory, 


Department of Public Health, State of California. 
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Phosphate Buffered Saline (PBS), pH 7.25 0.005°M 


(a) Concentrated (10x) Stock Solution 


NaCl 85 gm 
Na jHPO, (anhydrous) 5.65 gm 
KH,PO, 1.35 gm 


Distilled water to a final volume of 1000 ml 


(b) Working Solution — PBS, Diy 32, 20.005 M 
Concentrated Stock Solution 100 ml 


Distilled water to a final volume of 1000 ml 


RESULTS 


the) Waiene Infectivity Titers 


Vaccine virus preparations (AGMK,, /HEp-2.,/HeLa, ) showed TCID, 9 
titers of approximately 10° per 0.1 ml when titrated in HeLa cell 
cultures. Titers of seed virus preparations (ACMK, /HEp-2,) were appro- 
ximately the same whether determined in HeLa cells or in primary AGMK 
cells. The results of seed virus titration in primary AGMK cells are 
summarized in Table 1. The calculation of a constant virus dose of 
100 TCID, )/0.1 ml was based on the titers reported in Table 1. 

Attempts to titrate the vaccine virus and seed virus preparations 
in suckling mice (one day old) failed because the animals were not 


susceptible to infection. No animal infectivity titers were obtained. 


Dae Neutralizing Antibody Titers 


The neutralizing antibody titers of the immune sera after HeLa 
cell absorption are shown in Table 2. Neutralizing antibody titers 
determined before HeLa cell absorption of the immune sera were similar 
to that determined after HeLa cell absorption, indicating that the 
presence of unwanted antibodies had no observable effect on the results 
of neutralization tests. However, neutralizing antibody titers could not 
be determined in mice because the mice were not susceptible to infection 
by the challenge virus. Normal (non-immune) guinea pig serum and pre- 


immunization serum were shown to have no neutralizing antibody activity. 
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TABLE 1 


TITERS OF SEED VIRUSES (ACMK, /HEp-2, ) 


FOR COVERSLIP CULTURE INOCULATION 


TCID, 9 per 0.1imi 


Coxsackieviruses (in primary AGMK cells) 


B6 


TCID,,. per 0.1 ml: 50% tissue culture infectious 
50 
dose per 0.1 ml 


30 
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TABLE 2 


NEUTRALIZING ANTIBODY TITERS OF ANTI-COXSACKIE B VIRUS 
GUINEA PIG IMMUNE SERA (AFTER HeLa CELL ABSORPTION) 


Immune Sera to Neutralizing Antibody 


susie a 
Coxsackievirus Titers 


a: Reciprocal of the highest dilution of immune serum 
which neutralized 100 TCID, 5/0.1 ml of the homo- 
logous coxsackie B virus. 
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Se Fluorescein/Protein Ratios of Conjugates 


For each type of coxsackie B virus, immune serum obtained from the 
same batch of guinea pigs was used throughout the entire study for pre- 
paring FITC-conjugates. Since immunoglobulins were labelled in small 
quantities, several conjugates had been prepared from each type-specific 
immune serum. Conjugates prepared from the same immune serum exhibited 
very little differences in fluorescein/protein ratio, whereas those pre- 
pared from different antisera varied Slightly in F/P. Table 3 summarizes 
the F/P ratios of conjugates to each of the coxsackie B viruses and also 
to the normal (non-immune) serum. The conjugates reported were those 
used in the final testing. The weight/weight ratios varied from 5.0 to 
7.1, while the estimated molar ratios ranged from 2.1 to 2.9. Based on 
the latter ratios, approximately two to three molecules of FITC were con- 
jugated to each globulin molecule. Under standardized experimental 
conditions, the degree of conjugation was shown to be relatively constant. 
The modified dialysis technique described in this study therefore repre- 


sented a reproducible method for the conjugation of FITC to immunoglobulins. 


4. Direct Immunofluorescence Staining of Virus-infected HeLa Cells 


Virus-infected HeLa cells were stained with conjugates to each of 
the coxsackie B viruses by the direct method of immunofluorescence 
staining. The intensity of fluorescence was expressed on a four-point 
scale. A reading of 4+ denoted brilliant yellow-green fluorescence, and 
3+ denoted bright green but not brilliant fluorescence. A reading of 
2+ or 1+ indicated only dull green fluorescence. Each coverslip pre- 
paration was examined under at least 12 microscopic fields. The reading 


assessed therefore represented the overall intensity of the fluorescence 


observed. 7 
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TABLE 3 


FLUORESCEIN/PROTEIN RATIOS OF CONJUGATES 


Conjugates to 


Coxsackievirus 


Coxsackievirus 


Coxsackievirus 


Coxsackievirus 


Coxsackievirus 


|! Coxsackievirus 


Normal serum 


Fluorescein/Protein Ratio 


ug/me Molar 
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Figures 2 to 5 illustrate the appearance of coxsackievirus B4- 
infected and uninfected HeLa cells Stained with anti-coxsackievirus B4 
conjugate at dilution 1:40. The brilliance of the yellow-green fluores- 
cence demonstrated in infected cells was slightly diminished when the 
original 35-mm color slides were made into prints. Bright 4+ staining 
reactions were shown in Figures 2 to 4, which represent three different 
fields from the same microscopic preparation. Aggregates of viral 
antigen were characteristically revealed by fluorescence in the cytoplasm 
and around the nucleus of infected cells. Cytoplasmic fluorescence 
appeared mostly as pin-point granules, while perinuclear fluorescence was 
made up of heavy aggregates and sometimes diffuse masses. Occasionally, 
fluorescent granules were observed on top of the nucleus of infected 
cells probably because of the three-dimensional structure of the cell. 
Background nonspecific staining was minimal and is demonstrated in 
Figure 4 which was Photographed with a long exposure time to permit the 
recording of the blue emission of host tissue autofluorescence along with 
the specific yellow-green fluorescence. Staining of uninfected (control) 
cells under similar conditions revealed no observable fluorescence 
(Figure 5) except for a diffuse tinge of blue tissue autofluorescence 
indicating the presence of HeLa cells. 

Autofluorescence of host cells and tissue debris can be effectively 
quenched by counterstaining with 0.05% aqueous Evans blue. This dye 
fluoresces red under ultraviolet light and thus provides a good contrast 
to the specific yellow-green fluorescence (Fry and Wilkinson, 1963). By 
the use of Evans blue, the background can be counterstained orange-red 


and the observation of specific fluorescence is greatly facilitated. 
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Figure 2 


Coxsackievirus B4-infected HeLa Cells Stained with 
Anti-coxsackievirus B4 Conjugate (Dilution 1:40) 


Characteristic 4+ staining reaction showing aggregates of viral antigen 
in the cytoplasm and around the nucleus of infected cells. Cytoplasmic 
fluorescence appeared mostly as pin-point granules, while perinuclear 
fluorescence was made up of heavy aggregates and sometimes diffuse 
masses. Fluorescent granules occasionally were observed on top of the 
nucleus of infected cells probably because of the three-dimensional 


structure of the cell. Background nonspecific staining was minimal. 
xu250 


(Photograph courtesy of Dr. F.L. Jackson) 


Figure 3 


Coxsackievirus B4-infected HeLa Cells Stained with 
Anti-coxsackievirus B4 Conjugate (Dilution 1:40) 


Another field from the same preparation as in Figure 2, showing 4+ 
staining reaction. x 250 


(Photograph courtesy of Dr. F.L. Jackson) 
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Figure 4 


Coxsackievirus B4-infected HeLa Cells Stained with 
Anti-coxsackievirus B4 Conjugate (Dilution 1:40) 

Another field from the same preparation as in Figure 2, photographed 
with long exposure to record the blue tissue autofluorescence of 
host cells as well as the specific yellow-green fluorescence of 
viral antigen. x 250 


(Photograph courtesy of Dr. F.L. Jackson) 


Figure 5 


Uninfected (Control) HeLa Cells Stained with Anti- 
coxsackievirus B4 Conjugate (Dilution 1:40) 


Negative staining reaction showing only traces of blue tissue auto- 
fluorescence indicating the presence of HeLa cells. x 250 


(Photograph courtesy of Dr. F.L. Jackson) 
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Figures 6 to 9 illustrate the effect of Evans blue on infected and 
uninfected HeLa cells stained with the homologous conjugate. The red 
color in the background was due to Evans blue counterstaining. 

In the staining of coxsackie B virus antigen with the homologous 
conjugate, two types of fluorescence were characteristically observed: 
intense fluorescence surrounding the nucleus and pin-point foci of 
fluorescence throughout the cytoplasm of infected cells. The intense 
perinuclear fluorescence was sometimes observed as aggregates of 
fluorescent granules and sometimes as a diffuse fluorescent mass at the 
immediate perinuclear area. The Beene of both perinuclear and 
cytoplasmic fluorescence has already been shown in Figures 2 to 4, but 
with Evans blue counterstaining, the yellow-green fluorescence became 
more outstanding. Figure 6 illustrates a 4+ homologous staining 
reaction in which coxsackievirus B4-infected HeLa cells were stained 
with anti-coxsackievirus B4 conjugate at dilution 1:40 and counter- 
stained with Evans blue. Both the intense perinuclear fluorescent 
aggregates and pin-point cytoplasmic fluorescence were observed, 
although the latter was difficult to reproduce in photomicrography and 
the yellow-green fluorescence appeared more yellow than green when 
recorded on color films. The bright fluorescence stood out in marked 
contrast to the red uninfected cells and dark cell-free background. 
Uninfected (control) HeLa cells stained with anti-coxsackievirus B4 
conjugate at dilution 1:40 are shown in Figure 7. The normal cells 
fluoresced in red because of Evans blue counterstaining. 

A vivid illustration of the pin-point type of cytoplasmic 
fluorescence is given in Figure 8, which represents a 4+ homologous 


staining reaction involving coxsackievirus Bl antigen and anti- 
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Figure 6 


Coxsackievirus B4-infected HeLa Cells Stained with 
Anti-coxsackievirus B4 Conjugate (Dilution 1:40) with 


Evans Blue Counterstaining 


Characteristic 4+ staining reaction showing intense perinuclear 
fluorescence and pin-point cytoplasmic fluorescence. The yellow- 
green fluorescence contrasted strongly against the uninfected HeLa 
cells (red) and cell-free background (dark). x 250 


Figure 7 


Uninfected (Control) HeLa Cells Stained with Anti- 
coxsackievirus B4 Conjugate (@ilution 1:40) with Evans 
Blue Counterstaining 


Negative staining reaction showing uninfected HeLa cells 
counterstained orange-red by Evans blue. x 250 
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Figure 8 


Coxsackievirus Bl-infected HeLa Cells Stained with Anti- 


coxsackievirus Bl Conjugate Wilution 1:40) with Evans Blue 
Counterstaining 


Characteristic 4+ homologous staining reaction showing pin-point 
foci of cytoplasmic fluorescence together with a diffuse 
perinuclear fluorescent mass in the same infected HeLa cell 
(center). x1250 


Figure 9 


Coxsackievirus Bl-infected HeLa Cells Stained with Anti- 


coxsackievirus Bl Conjugate (Dilution 1:40) with Evans Blue 
Counterstaining 


4+ homologous staining reaction showing intense, diffuse peri- 
nuclear fluorescent masses in infected HeLa cells. x 250 
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coxsackievirus Bl conjugate at dilution 1:40. The fine, pin-point 
fluorescent granules characteristic of homologous staining were even - 
more outstanding when viewed under the fluorescence microscope. Peri- 
nuclear fluorescence could also be observed in the same infected cell as 
a diffuse fluorescent mass surrounding the nucleus. The cell-free back- 
ground was counterstained orange-red with Evans blue. 

Figure 9 illustrates another example of a 4+ homologous staining 
reaction involving the same system (coxsackievirus Bl stained with anti- 
coxsackievirus Bl conjugate, dilution 1:40). Perinuclear fluorescence 
was more prominent than in Figure 8 and was observed as an intense, 
diffuse mass surrounding the nucleus. Cytoplasmic fluorescence, however, 
was less well demonstrated in this section of the coverslip, being 
represented by a few fluorescent granules scattered in the cytoplasm. 

The nuclei of infected HeLa cells appeared red and negative, marked 
occasionally with some fluorescent granules. The latter was regarded 
as cytoplasmic fluorescence observed on top of the nucleus because of 
the three-dimensional structure of the cell. 

The presence of intense perinuclear fluorescence and pin-point 
cytoplasmic fluorescence in infected cells was characteristic of homo- 
logous staining for each of the coxsackie B viruses. Both types of 
fluorescence were therefore used as the criteria for evaluating specific 
staining. 

Staining of coxsackie B virus antigen with conjugates heterologous 
to the antigen was characterized by a diffuse cytoplasmic fluorescence of 
2+ or lower intensity observed only at high concentrations of the con- 
jugate. This diffuse type of cytoplasmic fluorescence was readily 


distinguishable from the specific fluorescence described above. 
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Figure 10 shows a 1+ to 2+ diffuse cytoplasmic fluorescence demonstrated 
in the staining of coxsackievirus Bl-infected HeLa cells with anti- 
coxsackievirus B2 conjugate at dilution 1:5. Perinuclear antigenic 

masses were vaguely discernible but were not clearly outlined and appeared 


to blend into the diffuse cytoplasmic fluorescence, 


5. End-point Titration of Immunof luorescence Staining 


and Assessment of Cross-reactivity 


In order to evaluate the performance of immunofluorescent con- 
jugates, a staining reaction of 3+ or 4+ was chosen as an end-point. The 
highest conjugate dilution which produced this end-point was regarded as 
the staining titer of the conjugate. 

The staining sensitivity of each conjugate was assessed by deter- 
mining its end-point titer using HeLa cells infected with the coxsackie B 
virus type homologous to the conjugate. Working dilutions 1:5 to 1:640 
of the conjugate were prepared and used to stain the homologous antigen. 
On the other hand, the staining specificity of each conjugate was 
evaluated by testing the conjugate's ability to cross-react with hetero- 
logous coxsackie B viruses grown in HeLa cells. Working dilutions 1:5 
to 1°80 of each conjugate were used to stain viral antigens heterologous 
to the conjugate. In every heterologous Staining, a positive control of 
the viral antigen being stained was included. For instance, when 
coxsackievirus B4 was tested for cross-reaction with anti-coxsackievirus 
Bl conjugate, a positive control was included in which the presence of 
coxsackievirus B4 antigen was demonstrated by staining with the end-point 


dilution of anti-coxsackievirus B4 conjugate. 
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Figure 10 


Coxsackievirus Bl-infected HeLa Cells Stained with Anti- 


coxsackievirus B2 Conjugate (Dilution 1:5) with Evans Blue 
Counterstaining 


Characteristic 1+ to 2+ diffuse cytoplasmic fluorescence of 
heterologous staining at high conjugate concentration. x 250 
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Tables 4 to 9 summarize the results of homologous and heterologous 
staining with conjugates to each of the coxsackie B viruses. The data 
represent composite results of many staining tests. Results of end- 
point titration and heterologous staining were repeatedly confirmed with 
different batches of coverslips and no more variation than half a grid 


on the 4 point scale was observed. 


(a) Anti-coxsackievirus Bl Conjugate 


Homologous and heterologous staining results of anti- 
coxsackievirus Bl conjugate are shown in Table 4. Staining of 
infected and uninfected HeLa cells at conjugate dilution 1:5 was 
frequently accompanied by a green "haze" in the background, which 
became rapidly diminished in the next dilution. Uninfected 
(control) cells stained at dilution 1:5 showed a light tinge of 
tissue autofluorescence of + to 1+ intensity, but were counter- 
stained brown-red to red in subsequent dilutions. Occasionally, 
uninfected cells appeared brown-red and negative even when stained 
at ditution#s1 35. | 

Two different kinds of fluorescence were observed in the 
staining of homologous (Bl) viral antigen with anti-coxsackievirus 
Bl conjugate: perinuclear fluorescent masses and pin-point foci 
of fine cytoplasmic fluorescence. Both kinds of fluoresence were 
characteristic of specific staining. The conjugate had an end- 
point titer of 1:40 and was sensitive in staining its homologous 
viral antigen. The specific staining became better defined 
towards the end-point dilution, although the overall staining 
intensity was more glaring at lower dilutions. Staining of the 


homologous antigen at the end-point dilution was characterized 
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by a 4+ specific fluorescence contrasted against a negative 
background where uninfected cells were counterstained orange-red 
and the intercellular matrix dark red. Staining of the homologous 
antigen at dilution 1:80 (next above the end-point titer) was 
markedly reduced, although characteristic perinuclear fluorescence 
and pin-point cytoplasmic fluorescence were still discernible. 
Consequently, end-point staining of the homologous antigen was 
readily distinguishable from staining at other dilutions. With 
increasing dilutions, the homologous staining became progressively 
diminished and was completely negative at dilution 1:640. At 

this point, infected and uninfected cells alike were counterstained 
orange-red. 

Staining of heterologous antigens with anti-coxsackievirus 
Bl conjugate, dilution 1:5, revealed mostly 2+ diffuse cytoplasmic 
fluorescence which lacked the fineness of the specific pin-point 
fluorescence. Perinuclear fluorescence in heterologous staining 
was not clearly outlined and usually blended into the diffuse 
cytoplasmic fluorescence. Occasionally, as in the staining of 
coxsackievirus B2-infected cells, only a light tinge of diffuse 
cytoplasmic fluorescence was observed at dilution 1:5. The 
diffuse fluorescence rapidly disappeared at higher dilutions and 
was completely absent at dilution 1:20. 

Contrary to the above observations, coxsackievirus B4- 
infected HeLa cells occasionally demonstrated a limited degree of 
cross-reactivity with anti-coxsackievirus Bl conjugate. Peri- 
nuclear fluorescence and pin-point cytoplasmic fluorescence of 2+ 


intensity were observed in a small number of coxsackievirus B4- 
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infected HeLa cells only when they were stained with the highest 
working concentration (dilution 1:5) of anti-coxsackievirus Bl 
conjugate. Although the quality of fluorescence resembled that 
of specific staining, the intensity (2+) was much lower than that 
of homologous staining at the same dilution. Furthermore, the 
majority of coxsackievirus B4-infected HeLa cells exhibited only 
a diffuse 2+ cytoplasmic fluorescence when heterologously stained 
with dilution 1:5 of anti-coxsackievirus Bl conjugate. The 
observation of perinuclear fluorescence and pin-point cytoplasmic 
fluorescence in the heterologous system was not entirely repro- 
ducible when different batches of coverslip preparations were 
tested. Consequently, it was not possible to decide whether the 
observation indicated a specific antigenic relationship between 
coxsackieviruses Bl and B4. 

Based on the results of Table 4, it is evident that anti- 
coxsackievirus Bl conjugate was sensitive and specific in staining 
coxsackievirus Bl grown in HeLa cells. A limited degree of hetero- 
logous staining reactivities was observed only at high concentra- 
tions (dilutions 1:5 and 1:10) of the conjugate; at dilution 1:20, 
heterologous reactivities were completely eliminated. When used 
at its end-point dilution (1:40) to identify the homologous viral 


antigen, the conjugate was highly specific. 


(b)_Anti-coxsackievirus B2 Conjugate 


Results of end-point titration and assessment of cross- 
reactivity for anti-coxsackievirus B2 conjugate are listed in 


Table 5. Staining of the homologous (B2) antigen showed a high 


hs 


Sally ited i ac | wi re 
aft groan err tell ath emai 
vine hpaidedes efpee mr) Sooners orion 
iota ¢, Lnagedoseid Ae Soneamatemae a 
oth .ougeiloel amuse wre 
sad sales a antosely fata himo wae csd™s sik 
eet Chatto ae cy inte onthe ie Ae 
Fav snot eyoRg ahiaweirat te witha bape ty 
afd Fuisotw shinee Od, sidhewen pain: ae aga 
Gebel Niinin beta tars saat bs oat sre 
| LN | i ham tra 
=tiee ix 2 sea WE Pe rv diate 9. estima a mat 
guinea of 7 thivhie “tay sedoegmne ow ne "3 
“lager by Sera sh- isi cobise wba cee 
-saitveaneis ed x hee Rd eee sk anbtiytolonn' tetas Ho, 
WS: tLe oe a wi Wier ty 257! nicer Sey! wneky 
haan: a. eae si ae ta Gatien ate e8)4 HAidouot svoyolonsaad’ | =a ‘ 
Nebr ovo re ah eign oe EY cadtiak Ansys RIES, i 
olathe Xiiigad ese eSagiil <r: wit am, i 2 a - 


aT: fseagesien me a 
oye 


~se035 40 gpatinnsaipy, hee guboeys de? txteqsthere spkiee a 


| hk bagel) eae “an Pe ‘wot bvaistopemio-B37¢ ssosea | 
a i v ‘becaler Sia ania ietls ¥ areata: mo acter a vf 


of 
| i pe : 4 er) 


! . > ia? ay = S I aT i , iri ' ~ | 
7 f a) ~ “as i a? eo -_ rere Se aid a} _ 


a2 


IN 


IN 


[To1}u0) 


94 
SNATAeTyIesxo) 


4So0f |} TozquU0D 


cd 
SNATASTYIeSXO) 


so] 


TorqUuog 


vist 


SNATASTYOesxKo) 


sousosetoNnTF oTwseTdoqzAD Autod-utd pue aesTonutisg : 


IN IN LN 
LN IN IN 
LN IN IN 


3SeI, | Torquog 


€qd 
SNATAVTYOesxo) 


459. | TO1,2U0D 


SNATAVTYOeSXOD) 


pe3se2 ION :IN 
sousoSeAONTZ ofusetdojyAD asnjzjzIq : 


BoUsISeIONTJ UsVsis-MOTToOK YuelTTtag : 
BoUSDSOAONTJ JO TeAeT MoT : 
VoUs0SeIONTF JO soorway : 

voUsDSeAIONTF ON i= 

STT29 BTeH pezoOVzJuTUQ +:TorQUOD 

STT99 BT9H pedoesUuT-snitAaeTyoesxogN :4sa], 
OF3eA UTSIOAg/UTeosstonT yA a/A 


—— 
- = peer: in | ov9:t | 
- 2 | & an IN OZE?T 
- se | © In IN O9T!T 
- oY - ~ O8?T 
- 2? - - OFT 
- oY - - OZ?T 
- oY - a OTT 
= oY : Fi St1 


ISe]} TorU04 


Ta 
SNATASTYAIeSxXO) 


qsel 


SUOTINT EC 
o7 esnfuog 


cd 


(9°Z=d/d TeTow ‘3u/3n ¢*g=g/a) ALVOOLNOD za SOYLADINOVSXOO-LINV HLIM 
ONINIVLIS SNODOIOWALAH GNV SNOIO'IONOH 


G HTAVL 


Wa tps P ey 7 
a : i? ir ir res! ; : f, cf i iy 
a DAS ee F heh Re a? iy, 
Aa ig A a Ti 
- " vit ' ‘ - i ay U : cA ap 
% Dy “es Wine Ma bs hel % i a ; 
5 tr soli: une Sa iil ala pies Ge hae 
4 “J eM ca i ara i | hy : ' ony fa fj 
I i? i 9a es i ; - Fond ne ee big a 
pe ee 0 Wor ee 
iM 7 ON 
. ioe Aj 2 Oe a ts 
oe ' iG : a P i ve a4 - CTP, tal 7 
' . > . 


6+ 


ra 


ee er 


23 


end-point titer of 1:160 characterized by perinuclear and pin- 
point cytoplasmic fluorescence. Heterologous staining of the 
other types of coxsackie B viruses revealed low levels of diffuse 
cytoplasmic fluorescence only at high conjugate concentrations 
(dilutions 1:5 and 1:10). Heterologous staining reactivities 
were rapidly eliminated by diluting the conjugate, while homo- 
logous staining remained brilliant up to the end-point dilution 
(1:160). When the conjugate was diluted to 1:20, it had no 
heterologous reactivity but still demonstrated 4+ homologous 
staining. Consequently, the conjugate could be effectively used 
at the end-point dilution (1:160) to identify its homologous 


viral antigen in HeLa cells. 


(c) Anti-coxsackievirus B3 Conjugate 


Evaluation of the homologous and heterologous staining 
properties of anti-coxsackievirus B3 conjugate can be seen in 
Table 6. The conjugate was very sensitive and demonstrated a 
high staining titer (1:80) for its homologous (B3) antigen in 
HeLa cells. When used at the highest working concentration 
(dilution 1:5) for heterologous staining, the conjugate showed 
only a 1+ to 2+ cytoplasmic fluorescence, exclusively of the 
diffuse type, with each of the heterologous types of coxsackie B 
viruses. At dilution 1:20, the conjugate possessed no hetero- 
logous staining reactivity. The conjugate at the end-point 
dilution (1:80) was therefore highly specific for the identifi- 


cation of its homologous antigen in culture cells. 
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(d) Anti-coxsackievirus B4 Conjugate 


Table 7 shows the results of homologous and heterologous 
staining with anti-coxsackievirus B4 conjugate. A high end-point 
titer (1:80) was again observed in the homologous staining system, 
characterized by both perinuclear and pin-point cytoplasmic 
fluorescence. On the contrary, Staining of heterologous coxsackie 
B viruses at the highest working concentration (dilution 1:5) of 
the conjugate revealed only low levels of diffuse cytoplasmic 
fluorescence in infected HeLa cells. Heterologous staining 
reactivities were quickly eliminated by diluting the conjugate 
and were completely absent at dilution 1:20. Asa result, the 
conjugate at the end-point dilution (1:80) was highly specific 


for detecting coxsackievirus B4 antigen in HeLa cells. 


(e) Anti-coxsackievirus B5 Conjugate 


In Table 8, the staining results of anti-coxsackievirus B5 
conjugate are tabulated. The sensitivity of the conjugate was 
demonstrated by the high end-point titer (1:80) in homologous 
staining, which was characterized by perinuclear and pin-point 
cytoplasmic fluorescence. Heterologous staining reactivities 
consisted mainly of a 1+ to 2+ diffuse cytoplasmic fluorescence 
detected only at high conjugate concentrations (dilutions 1:5 and 
1:10) and were effectively eliminated at dilution 1:20. The 
conjugate was thus highly specific at the end-point dilution 


(1:80) for identifying its homologous (B5) antigen. 
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(f) Anti-coxsackievirus B6 Conjugate 


Table 9 summarizes the Staining results of anti-coxsackie- 
virus B6é conjugate. The same general pattern of homologous and 
heterologous staining was observed as with other conjugates. 
Staining of the homologous antigen (B6) was characterized by 
perinuclear and pin-point cytoplasmic fluorescence as well as a 
high end-point titer (1:160). Staining of heterologous antigens 
was only observed at high conjugate concentrations (dilutions 1:5 
and 1:10) and consisted of low levels of diffuse cytoplasmic 
fluorescence. Heterologous staining reactivities were totally 
absent at dilution 1:20 and higher dilutions. The conjugate 
could be effectively used at the end-point dilution (1:160) to 


identify coxsackievirus B6 in HeLa cells. 


(g) Conjugate to Normal Serum 


As a control to the specificity of the staining observed, 
a conjugate prepared from normal (non-immune) guinea pig serum 
was examined for staining reactivities with coxsackie B viruses. 
The results are compiled in Table 10. Infected and uninfected 
HeLa cells alike demonstrated only traces of diffuse background 
fluorescence when stained with the highest working concentration 
(dilution 1:5) of the conjugate. The cells were completely 
negative at subsequent dilutions up to and including 1:80. 
Positive controls of the viral antigens being stained (established 
by staining each antigen with its homologous conjugate at the 
end-point dilution) revealed characteristic 4+ fluorescence of 
both perinuclear and pin-point cytoplasmic types. The normal 


conjugate therefore possessed no nonspecific staining reactivity 
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with coxsackie B viruses. 


h Summary of Staining Titers 

Results from Tables 4 to 10 are condensed into Table 11 
which summarizes the Staining titers of the conjugates. Only 
the reciprocal of each end-point dilution is shown. Homologous 
end-point titers were printed in bold type and heterologous 
titers in regular print. Occasionally, when staining at 
dilution 1:5 revealed only diffuse fluorescence of + intensity, 
the titer was indicated as <5. The homologous pipers of the 
conjugates were quite similar mainly because the protein 
content of each conjugate was adjusted to 10 mg/ml before 
working dilutions were made. Comparing the homologous and 
heterologous titers, it is evident that each conjugate was 
sensitive and specific for identifying its homologous antigen. 
It was sensitive because of its high end-point titer (1:40 
to 1:160). It was specific because, at the end-point 
dilution, the conjugate had no heterologous staining 
reactivity but still showed 3+ or 4+ homologous staining. 
The conjugate was sensitive because of the specificity of 
the antibody. 

No consistent patterns of heterologous staining were 
observed with conjugates to the various coxsackie B virus 
types. Most of the heterologous staining reactivities may 


have been due to group antigens of coxsackie B viruses. 
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6. Evaluation of Staining Specificity By Blocking Tests 


The immunologic specificity of homologous staining for each anti- 
coxsackie B virus conjugate was evaluated by the antibody blocking test 
(sequence method) of Coons and Kaplan (1950). The test is based on the 
principle that, if the observed fluorescence is due to the specific 
binding of conjugated immunoglobulins to the homologous antigen, pre- 
treatment of the antigen with unconjugated immune serum will inhibit the 
specific fluorescence. On the other hand, blocking with normal (pre- 
immunization) serum should have no inhibitory ercets 

The results of blocking tests performed with normal serum, homo- 
logous immune serum and heterologous immune sera to the antigen being 
stained are summarized in Tables 12 to 17. 

For each anti-coxsackie B virus conjugate, blocking of homologous 
Staining using the immune serum homologous to the antigen was always 
complete at the end-point titer of the conjugate, being marked by the 
total inhibition of fluorescence staining. In most instances, blocking 
was complete even at conjugate dilution 1:10. At the highest working 
concentration (dilution 1:5) of each conjugate, there was persistently a 
remarkable reduction in immunofluorescence Staining due to blocking. At 
this dilution, the intense perinuclear fluorescence and pin-point foci 
of cytoplasmic fluorescence, both characteristic of the staining of the 
homologous antigen, were reduced to such an extent that only a diffuse 
tinge (+ to 1+ intensity) of cytoplasmic fluorescence remained. The 
typical appearance of specific fluorescence was lost and instead only a 
faint diffuse fluorescence remained. Perinuclear fluorescence, which 
would have been brilliant if uninhibited by blocking, was observed as a 


diffuse brown mass surrounding the nucleus of infected cells. However, 


-)jne dope 102 gataieda canned te 
Jeo2 sauibold' gbhoditce edt) xd s sve a 
edd no Sided et dees off coun gal ts 


abhitoeqe 3:3 of gub' el. 


-~srq ,egtiae euagelosonl sits oF . . 
adt 2i¢Rint Liv autos, enim baregubnanay 3 
-st0) Imeroa ap tw gnidvold basa “yarido aad m0 
senate wb Eehitng ‘oa boul bt 

~omork mirsas Lanta dodw daha ing asasd aes 


¥ hee 


gitked sogline SR. Od. aise a sere a 


odd ut bertzhe: galad onl mA we 
gitneid ,esomadan® sah poe 
arrbvew avoid ‘aaa th 
f vismedebes og ies oxic ‘iaal 
Paste eS HA 4; ere Yq 
208) ake gesity an sarigsasiwit x8elpoatxog ssttoint, of wotiwiih ands | 
ods 30, anin ie oe ott te. stecedinsiaels dnd \sonssaan6ul} Bos be eer 
ood¥iis vine gadavdeeaes na fame bd boouton oxew yroghias evogoloma | 
aft .bertamow sonageatouLl stanalanon? a) (eatensank Hf 094) ognky 
6 wine hess emt) bap 2801 acy, ‘ganenacmonl’ piticogs eters Ieotqy2 .1 
di tsiw a ei dietnuatne’ ben hawe't sonpandipavs avitth $nis? 
ap eeeeaie: 3se eatin I baskdisiainw 2: sonbithad sina evesi bivow 
| @evawot! .ellog badoe iat 20 evefsin ule grtbovormee agen word seutttb 


7 
- <t ; » aT 
i a : 
o -« ~~ —* i a i = ; ‘ 
i i 


64 


+l 


wnies wniseg 
eunUWI 9g eunuMIy cg 


wnies 
sun 1g 


ii 


TOt}UOD §=3S9]L; Torzquog 4ysaz} To1z3,uU09 3891 | TorU0D say 
unias 
eunuUy ¢g 


sousoserONTZ OFuseTdojAd Auyod-utd pue AesTonutTisg :e 
soUusoSseIONT J Usei13-moTTak Juertttag H-€ 

SOUsISeLONTJ JO TOAST MOT :7-T 

soUus.SeIONTJ JO saoeay iz 

VOUsOS<AONTJ ON :- 

STT99 BJeH peqOezuTuUQ :TorzQU09 

STT9° B 19H peoeJUT-snATAseTyoesxo0D :4sa] 

OFIB1 UPOJOAg/UTedsetoNTy ta/q 


tess: ee ‘ | ; e | ee 
~ : A a | = oY” Ov:T 

< = : > | Pa oY Oz:T 

. oY = z - e? OT?T 

F 7 + qt + eB! S*T 

unites unisg WNnISS TPWILON suofanttq 
ounNWWT 7g ounuwyT Tq eaqesnfuoy 


UFTM PezbSAL STTED Seq peoeyuT-Tg snapaaepyoesxog 


a a 


(Z°@=d/d zeTow *3u/3n ¢*9=a/%) aLVONENOD Td SNYIARIMOVSXOO-LINV WOa 
ONINIVLS SNODSOTOWOH JO (GOHLAW AONTNOAS) SLsaL SNINOOTE 


cl aTavi 


: 1 * 


e qo 7 
om * i E :  * Be Seals 2 
- — . - ; ae ae - 
: ee x - adi 
sous aay ‘ _ 
r Sh i0 a > vee 
“-_. . i = — ~ 4 : 
— - ee : = > 
- 


site Desi o te 4 


eae 


mew 


<= 


65 


ao.UsDSe10NTF Of-WseTdojzAD ssnzstTq :q 
eoUsdSe10NT}Z ITuseTdoJAD Jutod-utd pue aeaetTonutseg :e 
VoUsdDSeAONTJ uUser3-MmoTTIA WUeTT[TIAg € 

BdUSDS2AONTJ JO [eAeT MOT 

@oUsIS<IONTJ JO saowAyL, :— 

BoUsDSeAONTJ ON : 

STT99 eTeH peqoezuTuUQ :[orAqUOD 

STT99 eTeaH pe OsJUT-snaATASTYyOeSKXOD :4SsSa] 

OTJeA UToJOAg/uUTedSeIONTY :d/g 


TozqUOD =3Se]} TotUOD Asay] TorqUO0D y4sez} Torz,UO9 
wnias wniesg unites 
sunuWUy 9g suNUWT Cg sunuy 7g 


Jse],| TorJUOD Y4Se]| TorzqUOD YASey| TorzquoD jseaz 
wniasg wnies uniesg TewioN 
ounuwy 7g ounuMy Tg 


suoTINTTG 
aqe3nfuog 


YITM PPIP2AL STTID eB eH peJIesUT-7Zgq snAaTAeTyoesxoy) 


(9°Z=d/d rzeTow *3u/3n ¢*9=4/4) ALVONCNOD ZA SNYLAPTINOVSXOD-ILNV WOd 
DNINIVIS SNODOIOWOH JO (GOHLAN AONANDAS) SLSAL ONINDOTE 


€T AIEVL 


s ~~; 
ww = 


66 


sousdISeIONTF oTwseTdoqzAD Jutod-uyd pue szeetonutazsg :e 
SOUsISSAONTF Uset3-MOTTOA JUST [TAG :4-¢ 

BoUsISIIONTF JO TeAeT MoT :Z 

sd.USsISeAONTF JO saoray : 

SoUsDS<AONTF ON ?: 

STT99 e]eqH peqoesuTuQ :TorqUOD 

STT9O BTeH pedoesUT-snAtAsypTyoesxo0) :48a], 

ofFJeA UTeOAg/UTedseA1on,y :d/a 


TOAJUOD 3S9L | TO1IUOD YsSeL} TorqU0D Y3se]| TorqUO0D Asay} TorqUOD 3S98],} TOAqUOD Ysa} TorzqUOD Aso] 


unias 
sunuwy 9g 


unias unzas unzas wnaas unites TewI1oN 
Siegal ace unum ounuy zg ounuuy suoTINT Tq 
de : Le eje3nfuo9 


YITM PeIeetL STTeD eley peIesUT-¢g snaTASTYyOesSxo) 


(T°¢=d/A TeTow “8u/8n Z*c=d/a) ALVONCNOD €4 SAYIATINOVSXOD-LINV YO 
ONINIVIS SNODOTONOH JO (GOHLEW AONANDAS) SLSAL ONTYOOT 


“T ATaVL 


67 


sous lSeioNnTyZ ITuseTdoqAdD esnzzTG :q 

sous lseitonT zy oTuseTdojAd Jutod-utd pue azeapTonuTAsg :e 

Ssous0sSei1ONT FZ Useis—moTTek JueryTTyrag 24-€ 

S9UsISSIONTJ JO ToPAST moT :z 

‘ BIUZSOS<AONTJ JO saovay : 
BIUSISSAONTF ON 2: 

STT99 BJeH PpeqoesuTun :To13,uU09 

STT99° B]98H peqJoosUT-snatAstTyoesxo) :3so], 

OFFPAT UTS} O1g/UTedSo10NTy >d/a 


: e?e - ae - Fea pvt 08:T 
- 2? = e? - 2? - 2” Ov: T 
= 2? = e? - 2” - 2” OZ:T 
= 2? - e” - oY - 2? OT:T 
* 2! cS oY + 2? ae 2? StT 


ASOL} TOTQUOD 3SaL] Toaqu0oD 4saz] TorqU05 Jse] 
unig wniss unites unites [TewioN 
sunuWy ¢g eunuwWy 7g sunuwy Tg 


TOAJUOD =389]L | Toaqu0D Asay} TorzqUo) 38a] | TorqUo9 
unies wniss unites 
eunUMIT gg eunWUy ¢g cunWWy 1g 


SUOTINTTG 
ezesnfuoy 


4FIM PedeeAL STTeD eyey peqoezut—yg SNATASTYOeSxXO) 


(L°Z=d/d teTou ‘3u/38r S*°9=d/d) ALVONENOD ¥€ SMYLATINOVSXOD-LINV Yor 
ONINIVLS SNOSOIONOH JO (GOHLYW AONANDAS) SisaL ONINOOTE 


ST WIavVL 


68 


BIUsISeIONTJ O~useTdo,AD ossnzjstq :q 

soUS.Se1ONTF OFusetTdoqAdD Juyod-utd pue aeeTonutzeg :e 
BOUsDSe<AONT J UssiZ-MoTTek JUeTT [TAG iH-¢ 

QIUZIS2LONTJ JO TSAST MOT :7-T 

adUuedSeIONTF JO seorway : 

aIUsdSeAONTJ ON i= 

STT90 e]eayH pe,IszJuTUQ :TorqQUOD 

STT99 Bey peqoeyUT-snATASTYIeSKO) :4Sad], 

OTIJeA UPOJOAG/UTedSeAONTYA :d/A 


- ef ~ - - of - a3 - e7-f - e7t - v-£ 08:T 
: e! - “ - 2? - 2” - 2? - e’ - 2? Ov:T 
= a - - - e! ~ i) = 2! - 2” - oY OZ: T 
- oY - z - 2” - 2? - oY - 2? ~ 2? OL:T 
z 2” - qi? 7 ate ¥ 2? = e? z e! $ 2? SiT 


TotqUOD =63ASeL} TOAJUOD Asef} TozqUOD ASe] | TorT}qUOD JAsaT} TozqUOD YSeZ} TozqU0D JAseaz |} TorzqUOD Ysa] 
wniog wns wnies wnies " wnzes unites Tew10N 


SUOTINTTC 
eunuuy og eunuUUyT og suNUMT 1g ounuWy ¢g ounuwy 7g ounuWy Tg 


aqes8nfCuog 


YITM pe deer, STT9D Bley pejIoejJuT-cg snatAeTyoesxo) 


(6°Z=d/d zeTom ‘3u/3n [*/=d/4) ALVONCNOD SA SNAYLATINOVSXOO-IINV WOa 
ONINIVLIS SNODOTONOH JO (GOHLAW AONANOAS) SLSAYL ONIMOOTA 


9T AIEVL 


69 


sousoSeiONTF OTwseTdo,AD yssnyjtq :q 
soUsdSe10NTJ OTWseTdozAD Jutod-utd pue aeatTonutTieg :e 
BOUSOS<AONTF UseiZ-MoTToA JUeTT {TAG :4-¢ 
QIUSISSAONTF JO TeAeT MoT : 
aoUs.S<AONTF JO sooway : 
@IUSsISOAONTF ON :- 
STT29 e]eH poJoezuTuQ :Torzquog) 
ST[99 B]eH peJIeJUT-snAaTASTYyOeSKO) :4Sa] 
OF}JeA UTS}OIg/UTeDSeA0NT Yq :d/d 


TorqUOD 3S9L | TOAWUOD 4Se9], | ToAJUOD YSeL | ToA}UOD Ysa} TozqUOD JAsey! Tor}JU0Q YseL | TorzqUOD Aso 
uN12S unis uNn1es unites WNI9S unites unisg TeWION 
sunUWy 9g ounUWIy cg sunUWy Hg ounuMy ¢g eunUuyT 7g ounuy Tq 


suoTINTTd 
aze3nfuo) 


YIEM PEIPOAL STTSD ee peqRoesUT-9g snatAeTYyoesxo) 


(8°*Z=d/A teTow *3u/3n /*9=4/4) ALVONENOD 94 SMYIAMINOVSXOO-LINV Od 
ONINIVLS SNODO'IONOH JO (GOHLEAW AONANOAS) SLSAL ININOOTE 


LT Wav 


70 


the reduced perinuclear fluorescence appeared slightly yellow when the 
color slide was made into prints (Figure 11). On the other hand, the 
pin-point foci of eoeorlabes & fluorescence were completely inhibited. 
When the blocked preparation was compared to the uninfected control cells 
treated and stained under similar conditions (Figure 12), it was almost 
completely negative. 

On the contrary, blocking of homologous staining using immune sera 
heterologous to the antigen or using normal (pre-immunization) serum had 
no inhibitory effect on the brilliance of Staining. Control blocking 
tests performed with normal (pre-immunization) serum had no effect on the 
end-point titer of each conjugate, indicating that the staining observed 
could not be inhibited by non-immunologic reactions. Failure of the 
heterologous immune sera to reduce the homologous staining reaction 
showed that a specific immune reaction was responsible for the staining 
observed. | 

The results of antibody blocking tests indicated that homologous 
staining by each conjugate was inhibited effectively only with the immune 
serum homologous to the antigen being stained and that blocking with 
normal serum or heterologous immune sera had no inhibitory effect. Con- 
sequently, the staining observed within each homologous system was 
considered immunologically specific. 

Attempts have been made to block the heterologous staining 
reactions of each conjugate by the sequence method, using immune serum 
from which the conjugate was prepared and immune serum homologous to 
the antigen being stained. The usual normal serum control was included 
to ensure that no inhibition of staining was due to nonspecific factors. 


Heterologous staining reactions, characterized by a 1+ to 2+ diffuse 
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Figure 11 


Blocking of Homologous Staining by Sequence Method 
(with Evans Blue Counterstaining) 


Coxsackievirus Bl-infected HeLa cells were treated with undiluted 
anti-coxsackievirus Bl immune serum and then stained with anti- 
coxsackievirus Bl conjugate at dilution 1:5. Perinuclear fluores- 
cence was reduced to a diffuse brown mass and cytoplasmic fluores- 
cence was completely inhibited. x 250 


Figure 12 


Uninfected HeLa Cell Control to Blocking of Homologous 
Staining (with Evans Blue Counterstaining) 


Uninfected (control) HeLa cells were treated with anti- 
coxsackievirus Bl immune serum and then stained with anti- 
coxsackievirus Bl conjugate at dilution 1:5. Traces of diffuse 
tissue autofluorescence were observed. x 250 
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cytoplasmic fluorescence at high conjugate concentrations (dilutions 1:5 
and 1:10), completely disappeared when immune serum from which ‘the 
conjugate was prepared or immune serum homologous to the antigen was 
applied to the preparation before immunofluorescence Staining. Blocking 
with normal (pre-immunization) serum did not reduce the diffuse fluores- 
cence which remained vaguely discernible at high conjugate concentrations. 
This observation suggested that group antigens might be responsible for 
the heterologous staining reactivities observed among group B coxsackie- 


viruses. 
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DISCUSSION 


The observation that suckling mice were not Susceptible to infec- 
tion by the coxsackie B viruses prepared in this study suggested that 
the viruses had become adapted to propagation in tissue culture. This 
finding was not surprising because viruses have been shown to exhibit 
different biological properties when maintained in different hosts. 
Lehmann-Grube and Syverton (1961) reported that continuous passages in 
primary human amnion cell cultures of certain coxsackie A and coxsackie B 
viruses caused loss of virulence for newborn mice in varying degrees. 
However, most of the viruses reverted to their original virulence after 
1 or 2 passages in the animal host. These findings led the above authors 
to suggest that a genetic mechanism was operative resulting in virus 
populations in which the majority of the particles was qualitatively 
changed. According to this hypothesis, the virus as it is propagated in 
suckling mice is pathogenic for mice. When the virus is passaged con- 
tinuously in tissue culture, mutations occur giving rise to a variant 
with decreased mouse pathogenicity but increased virulence for cells in 
culture. This variant which is at a competitive disadvantage in mice 
rapidly outgrows the original type in culture cells. 

One of the objectives of this study is to develop a reproducible 
method for the labelling of immunoglobulins with FITC. It is obvious 
from the nature of immunofluorescence that the degree of staining 
activity depends on the degree of conjugation. However, Frommhagen and 
Spendlove (1962) documented in studies of vaccinia virus-infected HeLa 


cells that overlabelling with FITC is the major cause of staining 
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nonspecificity. It is therefore important to label immunoglobulins to a 
Suitable fluorescein/protein ratio in order to minimize nonspecific © 
staining and yet retain bright specific staining. 

The dialysis method of Clark and Shepard (1963) for FITC labelling 
has been shown to be definitely superior to the direct labelling method 
for preparing conjugates with minimal nonspecific staining (Hebert et al, 
1967) . 0.3 The: technique is based on the principle that, when FITC molecules 
are allowed to diffuse freely through a dialysis membrane into the 
globulin solution, uniform labelling at a suitable F/P ratio can be 
achieved provided that steady stirring is maintained throughout the 
Process. Clark and Shepard's dialysis method prescribes that the 
globulin solution should be placed in a dialysis bag and dialyzed against 
10 volumes of FITC solution. However, it is difficult to achieve uniform 
labelling by this method because the globulin molecules may not be 
sufficiently agitated inside the dialysis bag. On the suggestion of 
Dr. Morgante, a modification of the technique was brought about by 
reversing the dialysis arrangement, i.e., by placing the FITC solution 
in the dialysis bag and dialyzing it against a steadily agitated globulin 
solution. By carefully controlling the experimental conditions such as 
pH, temperature, reaction time and the concentrations of dye and protein 
used, a uniformly labelled conjugate may be obtained at a reproducible 
F/P ratio. 

In this study, all immunoglobulin samples were labelled by the 
above modification of Clark and Shepard's dialysis method. Conjugation 
was conducted in the proportion of 18 mg of FITC per gram of protein on 
the basis of the findings of Spendlove (1966) as well as Clark and 


Shepard (1963). Both groups of workers have pointed out that a 
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concentration of FITC greater than 20 mg per gram of protein would lead 

to nonspecific staining. Dialysis was allowed to proceed at room tempera- 
ture at pH 9.5, the optimum pH which gives the most rapid reaction without 
affecting the antibody properties (McKinney et al, 1964a). Conjugation 
was discontinued after 4 hours to avoid excessive labelling (Hebert et al, 
1972). Conjugates prepared in the above manner varied only moderately in 
their F/P ratios, as the estimated molar ratios ranged from 2.1 to 2.9. 
The weight F/P ratios (ug/meg), ranging from 5.0 to 7.1, compare favorably 
in reproducibility with that of Clark and Shepard's preparations, which 
were’ in the range of 4.7 to 8.1. 

There has been little agreement among workers in the field of 
‘immunofluorescence on the optimal F/P ratio of conjugates. Coons and 
Kaplan (1950) recommended labelling immunoglobulins at a molar F/P ratio 
of 1 to 2. The range of F/P ratio of the conjugates prepared in our 
study is in close agreement with Coons and Kaplan's initial recommenda- 
tions. Since the performance of a conjugate relies on its staining 
sensitivity and specificity, the conjugates prepared in this Study are 
deemed satisfactory in view of their high specific staining titer and low 
heterologous reactivity. 

Various methods of measuring fluorescein/protein ratio have been 
described in literature. According to Beutner (1971), results of the 
field trial of six commercial conjugates by ten laboratories using a 
variety of methods for FITC and protein assays indicated that FITC assays 
performed by the method of McKinney et al (1964b) and protein assays by 
the biuret method (Gornall et al, 1949) yielded the most reproducible 
results. All F/P ratio determinations in this study were performed with 


the above mentioned procedures. In protein determinations, absorbance 
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was read at both 540 nm and 560 nm. However, only readings at 560 nm 
were used for the calculation of protein content in conjugates. This is 
because the presence of high concentrations of FITC in the protein- 
biuret reaction mixture will alter readings at the wavelength setting of 
540 nm used for the original biuret method. Since the reaction mixture 
gives approximately the same readings at 540 nm and 560 nm, the slight 
shift in wavelength to 560 nm eliminates the interference of FITC absorp- 
tion with the protein-biuret value (Hebert et al, 1972). 

Weight F/P ratios in our study were converted to molar ratios by 
multiplying with the factor 0.411, as suggested by Hebert et al (1972). 
Since molar ratios are calculated from weight ratios and the calculation 
entails certain assumptions, the figures derived represent only estimated 
values. Consequently, both weight and molar F/P ratios were reported to 
define the conjugate. 

The calculation of molar F/P ratios relies on the assumption that 
all of the protein is IgG, since the calculation is based on the molecular 
weight of IgG. By reporting the molar ratio, it is also assumed that the 
mean number of FITC molecules per IgG molecule equals the F/P ratio of 
the whole conjugate. In fact, IgG F/P ratios may not be equal to total 
F/P ratios, as most conjugates are not prepared from highly purified IgG. 
Nevertheless, even for conjugates prepared from crude ammonium sulfate- 
fractionated immunoglobulins, the molar F/P ratio still gives a reason- 
able estimate of the actual mean number of FITC molecules per IgG molecule 
(Beutner, 1971). 

Nonspecific staining is probably the greatest technical problem 
encountered by workers in immunofluorescence. Fluorescence Staining of 


microscopic preparations which is not due to specific reaction between 
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a particular antigen and its corresponding conjugated antibody is 
regarded nonspecific (Nairn, 1969). The occurrence of nonspecific 
staining interferes with the evaluation of specific staining and there- 
fore must be differentiated from the latter and as far as possible 
eliminated. In this study, nonspecific staining was recognized as such 
by the staining of control (eimcedizay HeLa cells in parallel with 
virus-infected cells. Additional controls for nonspecific staining were 
established by the use of a conjugate prepared from normal (non-immune) 
serum to stain HeLa cells with and without virus meesersnl It was by 
this double control of nonspecificity that specific fluorescence in 
excess of nonspecific fluorescence could be assessed. 

Methods for the elimination or reduction of nonspecific fluores- 
cence vary according to its source. Common sources of nonspecific 
fluorescence are : (1) unreacted fluorescent material (UFM) in the con- 
jugate, (2) conjugated non-antibody serum proteins, and (3) unwanted 
conjugated antibodies (Nairn, 1969). Each factor will be considered 
individually and the corresponding methods used in this study to remove 
the nonspecific reactions will be discussed. 


Unreacted fluorescent material present in the conjugate was 
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removed by extensive dialysis, immediately following conjugation, against 


large volumes of 0.85% sodium chloride adjusted to approximately pH 8.5. 
Dialysis alone, however, was inadequate to free the conjugate of all 
unconjugated FITC. Complete removal of UFM was subsequently achieved by 
gel filtration with Sephadex G-50 Fine (Zwaan and van Dam, 1961). By 
this technique, rapid fractionation was achieved by differences in 
molecular size. The amount of protein lost on the column was negligible 


Nonspecific staining by conjugated non-antibody serum proteins is 


at ¢howbths sree tt 
otitnaqanen Yo samstawedo edt ee 
ors? baw’ gikthete shtibore) te ol hitaie 
_ eldhedoq ed se7 peak aetrat of Bea? bs z 
dove -es bestmgooet sew rue i ad 
pttte [ollevag nk wilds, sion (hessetatms) £ | 
e1sw gainiesa ol hMogqehom 10% @fotinds sass, * 
(agvmert-com) Lsarton mor) etnete teas at 
vw tow a1 mokietae eetky ous sens 
gi sonaoesrowl? oribseqe suds “Pan tonganion Fe fe 
 bbedesed sd blued stnvoaszou TS! 
-nétoult >Migeqanda, to iditsuboy so mokientabts si 
oFDiaegenst Ie ustmea rromiod » sa'dil alate 
“nes 943 nt Con) takeodian sadvesioult dasonstmii, 
ibsacaumnes C2), Sim cantssoxg mutes vbodionn 
beteblanos sd LLiw foriai aay seu sali 
avems1 07 ybute ef? Ab besu iehenaet anttboogediryes ‘sls lace 
| | (eeeitisdlts od LEM anODS3ady Seth sbyeyeh baa 
caw sieautnos ii ai anenatd Lalesihe s00Sdexour? podbadewt © |) 
santage eto cde gULNIOD anivelte?  eLovatbacet, salayialb aviedorxe ed ‘bavames 7 
2.8 Ay Clotonteotaye wr -bedest ie! bbitielas mrbod F2B0 Yo" samtov oat 
ike tc -odeyhteds ofa set} od st eupebant aid , xavewss ‘ale akeqiak 
ud bevolrioe eivesiipssdneeaw MIT Yo: Levens ‘Szolqnod TTY Badegutaoone | A | 
vii (LAC! met -oev Gere neiav) 9arl 02-0 xaberiqe2. ittw wotadesith’ isa | 
ot socmniaiah, yd: bevadiind ey aubtenolyert biqs7 Suphniies ands 
Mdbgiiges, sew ‘gules 314 neil ntstevg Fo Yovoue odT ‘iis valgpelon 
ab erievo74 rirter ead nails: estan vd sitkalets si izoaqano# , | 


ho" 


, 


79 


mainly due to electrostatic forces between the tissue protein in tHe 
specimen and the conjugated molecules of serum proteins which are non- 
antibody in nature. At pH 7.0, the serum proteins have a net negative 
charge which is increased by conjugation. The conjugate then acts as an 
acid dye, staining the positively charged (basic) tissue proteins to 
produce nonspecific fluorescence. Absorption of conjugates with acetone- 
dried tissue powder has the effect of selectively removing molecules of 
high negative charge (Curtain, 1958). Absorption with tissue homogenates 
(Kaplan, 1958) would serve the same purpose. It te generally preferable 
to absorb with the tissue used for testing the conjugate. HeLa cells 
were used in the present study for the absorption of conjugates because 
all viral antigens were prepared in HeLa cells for immunofluorescence 
staining. Absorption of conjugates with HeLa cells has the additional 
advantage of simultaneously removing any unwanted conjugated antibodies, 
which constitute another common source of nonspecific staining. 

The presence of non-antibody proteins in the serum has been shown 
to be an important source of nonspecific Staining. Lewis et al (1964) 
and McKinney et al (1964a) reported that serum albumin binds FITC much 
more rapidly than globulin. The latter group of workers further 
indicated that the more rapid reaction of FITC with the albumin fraction 
would limit the amount of dye available to combine with the gamma— 
globulin. The efficiency of labelling of gamma-globulin would be greatly 
reduced and the F/P ratio of the gamma-globulin fraction would be diffi- 
cult to control. They emphasized, therefore, the importance of removing 
such non-antibody serum proteins before conjugation. Moreover, when 
serum proteins are not evenly labelled with FITC, the molecules which are 


more heavily labelled acquire a higher negative charge and thereby 
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become a potent source of nonspecific staining. Consequently, nonspecific 
reactivity will be minimal when the conjugate consists only of specific 
antibody with a low uniform degree of molecular labelling (Nairn, 1969.) 
Conjugates prepared from highly purified IgG are thus preferable to that 
from whole serum. However, serum fractionation by a DEAE-cellulose column 
is a specialized procedure which can result in a considerable loss of 
specific antibody (Gardner and McQuillin, 1974). Highly purified IgG is 
therefore not frequently used for conjugation. In our study, immuno- 
globulins were prepared by ammonium sulfate precipitation, giving rise to 
a product of molecular heterogeneity containing mainly gamma-globulin and 
small amounts of alpha- and beta-globulins. Although these crude immuno- 
globulins were labelled without elaborate purification for IgG fractions, 
conjugates of considerably high Staining specificity were obtained. 

Another important source of nonspecific staining is tissue auto- 
fluorescence. Identification of virus antigen by immunofluorescence is 
performed in susceptible host cells, whether in vitro as in tissue 
culture cells or in vivo as in infected animal tissue sections. The 
natural fluorescence of most biological tissue is a mixture of the blue, 
blue-green and green fluorescent emissions of the various molecules 
making up the tissue. The phenomenon is referred to as autofluorescence. 
When animal tissue is exposed to ultraviolet or ultraviolet blue light 
and examined by darkground microscopy, the autofluorescence observed is 
largely blue (Nairn, 1969). The extent of tissue autofluorescence varies 
with the type of microscopic preparation. Tissue culture preparations, 
composed of one type of cells, emit less autofluorescence than animal 
tissue sections. Nevertheless, tissue autofluorescence is a major 


technical handicap to reckon with and is best quenched by background 
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counterstaining with other fluorescent dyes. The use of aqueous Evans 
blue for counterstaining FITC immunofluorescence was introduced by 
Nichols and McComb (1962) and recommended by Fry and Wilkinson (1963). 
However, Evans blue should be used at low concentrations because the dye 
has a detergent effect (Nichols and McComb, 1962). When used at high 
concentrations, Evans blue tends to remove insufficiently fixed tissue 
from the slide and may also obscure specific fluorescence. Trial runs 
in our study with and without Evans blue indicated that the use of Evans 
blue at a low concentration of 0.05% provided brilliant counterstaining, 
with no adverse effect on the specific staining titer of the conjugates. 

In the present study, an aqueous solution of 0.05% Evans blue was 
applied for 5 minutes to coverslip preparations after immunofluorescence 
Staining. Excess Evans blue was thoroughly removed by rinsing with PBS, 
pH 7.2, before mounting. When examined microscopically, HeLa cells 
counterstained with Evans blue emitted an orange-red fluorescence which 
provided a marked contrast with antigens specifically stained by FITC 
conjugates. All tissue autofluorescence was effectively masked. Evans 
blue was thus employed in all immunofluorescence Staining in this investi- 
gation. 

A principle factor of nonspecific staining is dye purity. The 
commercially available FITC dyes display a wide variation in purity. 
Hebert et al (1967) have shown that conjugates prepared with FITC of low 
purity exhibit greater nonspecific staining for a given FITC concentration 
than do those labelled with dyes of high PULITY. ter its therefore desirable 
to use the purest FITC available in order to obtain conjugates with mini- 
mum nonspecific staining. Cherry et al (1969) extensively evaluated 


commercial FITC preparations and recommended that 70% FITC be accepted as 
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the minimal purity for immunofluorescence applications. In our study, 
FITC was purchased from Baltimore Biological Laboratory, Baltimore, 
Maryland. It contains not less than 80% pure dye (R. M. McKinney, 
personal communication). 

The ultimate step in the elimination of nonspecific fluorescence 
is by dilution of the conjugate. When the specific staining titer is 
high, dilution af the fluorescein-protein conjugate provides an excellent 
means of reducing nonspecific protein interactions. As a standard 
practice in our experiments, the conjugate was first diluted to a protein 
concentration of 10 mg/ml, from which two-fold dilutions were prepared 
using a 10% mouse brain suspension. The highest conjugate dilution 
giving optimal specific staining was thereby determined, 

Adjusting the conjugates to 10 mg/ml protein before dilution was 
necessary because conjugates varied slightly in their protein content. 
Without a standard protein concentration to start with, the end-point 
staining titers could not have been compared. The use of brain suspen- 
sion (homogenized in PBS, pH 7.2) for conjugate dilution was suggested 
by French et al (1972) and strongly recommended in a recent report by 
Lennette and co-workers (1975). A 10% beef brain suspension was used by 
the latter group, who reported that nonspecific fluorescence disappeared 
when the brain suspension was used as diluent for the conjugate. In 
principle, the effect of the normal brain tissue is to selectively remove 
protein molecules of high negative charge. Normal mouse brain homogenate 
was used in our study because of its ready availability in our laboratory. 
In a series of preliminary tests, staining reactions with conjugates diluted 
in PBS (pH 7.2) and in a 10% mouse brain suspension were compared. The 


results indicated that, while specific staining titers of the conjugates 
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were virtually unaffected by the choice of diluent, staining of uninfected 
HeLa cells at dilution 1:5 without mouse-brain treatment revealed a Richer 
degree of background nonspecific staining. Dilution of the conjugate in 
a 10% mouse brain suspension subsequently became part of our standard 
procedure, 

The methodology used in the present study to prepare immuno- 
fluorescent reagents is based on the concept that immunoglobulins 
labelled by dialyzing the dye against protein for relatively short 
periods of time using dyes of high purity would yield conjugates of low 
nonspecific reactivity and high specific staining titer. From conjugation 
to its application to direct immunofluorescence staining, each conjugate 
went through a series of successive steps, namely: dialysis, HeLa cell 
absorption, Sephadex G-50 gel filtration, millipore membrane filtration, 
F/P ratio determination, storage at -70°C and dilution in a 10% mouse 
brain suspension immediately before use. Sephadex gel filtration was 
performed after HeLa cell absorption in order that cellular fragments 
could be retained by the Sephadex G-50 column. Subsequent filtration of 
the conjugate through a millipore membrane filter helped to achieve 
bacterial sterility, which is essential because contamination with 
microorganisms would affect the staining properties of the conjugate. 
After F/P ratio determination, the conjugate was stored at “J0R6 in small 
aliquots to prevent fading of the fluorochromes due to frequent freezing 
and thawing. No appreciable loss in the staining titer of conjugates in 
storage was experienced in this study. This may be partly attributed 
to the practice of preparing conjugates in small quantities (15 ml) in 
each conjugation procedure. 


In search for a suitable cell system to prepare coverslip cultures 
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for infection by coxsackie B viruses, several tissue culture types have 
been tried, including both primary cell cultures and passaged cell a 
Initially, primary African green monkey kidney (AGMK) cells were chosen 
because of their high susceptibility and their being used in most 
diagnostic virology laboratories as the host system of choice for virus 
isolation. However, primary AGMK culture cells supplied by Connaught 
Laboratories and Flow Laboratories usually became degenerated in the 
long transit period required for the shipment of cells. The use of 

AGMK cells was subsequently discontinued, | 

On the contrary, passaged HeLa cells (human carcinoma of cervix) 
were excellent for preparing coverslip cultures by virtue of their high 
susceptibility, consistent cytological characteristics, ready avail- 
ability in the laboratory and above all, the production of a monolayer 
practically free of cellular debris. Other cell lines had been experi- 
mented with, including the HEp-2 cells (human epidermoid carcinoma of 
larynx) and Vero cells (African green monkey kidney), but neither could 
match the HeLa cells in the morphological characteristics of grown cell 
layers. HeLa cells therefore became the cell of choice in preparing 
coverslip cultures. 

In our study using coxsackie B virus-infected HeLa cells, two 
types of specific fluorescence were observed in homologous staining: 
intense perinuclear fluorescent masses and pin-point cytoplasmic fluores- 
cence. Homologous staining titers of the conjugates ranged from 1:40 to 
1:160, while heterologous staining revealed only low levels of diffuse 
cytoplasmic fluorescence at conjugate dilutions 1:5 and 1:10. Hetero- 
logous staining reactivity could therefore be eliminated by diluting the 


conjugate. At dilution 1:20, the conjugates possessed no detectable 
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heterologous staining reactivity but still displayed 4+ specific homo- 
logous staining. Each conjugate could thus be effectively used at its 
end-point dilution for the identification of the homologous viral antigen 
in HeLa cells. Background nonsepcific staining was minimal, indicating 
that the various methods used for its removal were highly successful. 
The direct immunofluorescent technique described in this study was 
therefore both sensitive and specific in identifying coxsackie B viruses 
in tissue culture cells. 
The specificity of the fluorescence staining observed was 
established by the following criteria: 
(1) Staining occurred only with intracytoplasmic viral 
antigen homologous to the conjugate. 
(2) No staining was observed when anti-coxsakie B virus 
conjugates were applied to uninfected HeLa cells. 
(3) No staining was produced by applying ota cee 
normal serum to coxsackie B virus-infected HeLa 
cells. 
(4) Specific staining was completely inhibited by pre- 
treating the preparations with unconjugated immune 
serum homologous to the antigen being stained, but 
not by pre-treatment with heterologous immune sera 
or normal serum. 
It was only by fulfilling these four conditions that any observed 
fluorescence could be considered specific. 
No consistent patterns of cross-reactivity were noted among the 
coxsackie B viruses despite the presence of group antigens demonstrable 


by immunodiffusion and complement fixation tests (Schmidt et al, 1963 and 
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1965). The inability to detect consistent antigenic relationships among 
members of the coxsackie B virus group is probably due to variation in 
cultural characteristics of different batches of culture cells, which 
imposes a certain limitation on the reproducibility of fluorescence 
staining. While specific staining was recognized without failure, the 
detection of the intricate intertypic antigenic relationships among the 
group B coxsackieviruses was presumably beyond the sensitivity and 
specificity range of the immunofluorescent technique at its present 
state of development. 

Perhaps the most significant finding of this investigation is the 
consistent observation of intense fluorescent masses around the nucleus 
of infected cells. These perinuclear fluorescent masses, believed to be 
aggregates of specific viral antigens, were observed consistently only 
in homologous staining. They remained clearly discernible even at a 
fluorescence intensity of 1+, when the infected cells were stained with 
high conjugate dilutions. Perinuclear fluorescence was absent in 
uninfected cells but was occasionally observed in heterologous staining 
at the highest working conjugate concentration (dilution 1:5). However, 
perinuclear fluorescence in heterologous Staining lacked the clear-cut 
appearance of those in homologous staining and often blended into the 
diffuse cytoplasmic fluorescence. In blocking tests of specific staining, 
perinuclear fluorescence was quickly reduced to an orange-red mass when 
the viral antigen was treated with its homologous immune serum before 
staining. All these observations indicated that perinuclear fluorescent 
masses actually represent perinuclear aggregates of specific viral 
antigens. The occurrence of both perinuclear fluorescent masses and pin- 


point cytoplasmic fluorescence was therefore used as the guideline for 
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evaluating specific staining. 

The sighting of perinuclear fluorescence in infected culture cells 
has rarely been reported in literature. Most immunofluorescence workers 
who studied enteroviruses grown in tissue culture have cited the observa- 
tion of cytoplasmic fluorescent granules indicative of viral aggregates 
in the infected cells (Buckley, 1955; French et al, 1972). The descrip- 
tion of perinuclear fluorescence in tissue culture system is unpre- 
cedented except for a brief mention in an early report. Mattern and Chi 
(1962) observed some faint perinuclear RPO aHRe in coxsackievirus 
A9-infected monkey kidney cells, but could not reproduce their findings. 
They dismissed the validity of their observations because similar fluores- 
cence of lower intensity was occasionally observed in control cells. 

In studies of infected animal tissues, however, Rabin et al (1964) have 
demonstrated perinuclear fluorescence in an investigation of coxsackie- 
virus B3 myocarditis in mice. These workers noted that, in sections of 
damaged myocardial fibers stained with FITC-conjugate, fluorescence was 
often intense in the immediate perinuclear area, although fluorescence 
was also detected throughout the cell. When examined by electron 
microscopy, numerous virus-like particles were found densely packed in 
the cytoplasm next to the nucleus where they sometimes appeared in the 
vicinity of nuclear pores. This distribution of particles corresponded 
to the perinuclear localization of viral antigen shown by immunofluores- 
cence. In addition to the dense perinulcear location, particles were 
distributed in clusters throughout the cytoplasm of infected cells. 
These morphological observations led the above authors to suggest that 
the nucleus might play an active role in viral replication. 


Validity of the perinulcear fluorescence observed in the present 
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study remains yet to be confirmed by other techniques. Immunofluores- 
cence as a research tool has certain limitations. It needs to be 
supplemented by other techniques in order to elucidate the true nature 
and significance of these perinuclear fluorescent masses. Electron 
microscope studies have proved in the past to be useful in expanding 

the horizons of the immunofluorescent technique. Positive staining of 
thin sections of virus-infected HeLa cells will permit the visualization 
of virus particles at various sites in the infected cells. Examination 
of thin sections prepared at different hours after infection will provide 
information about the course of infection of culture cells by coxsackie 
B viruses. 

Despite the recent advance of immunoperoxidase staining which 
challenges immunofluorescence staining as the rapid diagnostic method of 
choice, the immunofluorescent technique still has its place in clinical 
microbiology. It is valuable as a reference technique to standardize 
new diagnostic procedures by its high specificity and sensitivity. 
However, more quantitative standardization of the immune reagents is 
necessary because reproducibility of results can only be achieved through 


defined immunofluorescence staining. 
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SUMMARY AND CONCLUSIONS 


A reproducible method for the conjugation of fluorescein isothio- 
cyanate (FITC) to immunoglobulins was developed in this study for the 
rapid identification of coxsackie B viruses in tissue culture cells. 
The experimental procedures are briefly summarized as follows: 

(1) Immune sera were obtained from guinea pigs immunized 
with coxsackie B viruses. Immunoglobulins were 
prepared by serum fractionation with saturated 
ammonium sulfate, followed by extensive dialysis 
against 0.85% sodium chloride to remove all traces 
of ammonium sulfate. 

(2) FITC was conjugated to immunoglobulins in the pro- 
portion of 18 mg of FITC per gram of protein. 

Labelling was conducted by dialyzing the dye 
solution against the immunoglobulin solution at 
room temperature for 4 hours. The solutions were 
buffered at pH 9.5. 

(3) Unreacted fluorescent material (UFM) in the 
conjugate was removed by dialysis against 0.85% 
sodium chloride. The conjugate was absorbed with 
HeLa cells and then filtered through a Sephadex 
G-50 column to remove various sources of non- 
specific staining. 

(4) The protein content of the conjugate was deter- 


mined by the biuret method. The amount of 
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protein-bound FITC was determined by using fluores- 
cein diacetate as a reference standard. The 
fluorescein/protein ratio (F/P) of the conjugate 
was calculated and expressed in both weight (ug/mg) 
and estimated molar ratios. 

The above procedures were used to Prepare type-specific conjugates 
to each of the coxsackie B viruses as well as a normal (control) con- 
jugate from non-immune serum. The conjugates had weight F/P ratios 
ranging from 5.0 to 7.1 and estimated molar ratios Broma2el to 2.9.- The 
relatively narrow range of F/P ratios indicated that the above procedures 
represented a reproducible method for FITC conjugation. 

For application to direct immunofluorescence staining, each 
conjugate was adjusted to 1% protein (10 mg/ml), then diluted with a 10% 
mouse brain suspension and applied to air-dried, acetone-fixed HeLa 
cells (grown on coverslips) infected with coxsackie B viruses. The pre- 
parations were counterstained with 0.05% Evans blue to reduce tissue 
autofluorescence of host cells. 

In the homologous staining of coxsackie B virus antigens, two 
types of specific fluorescence were observed: intense perinuclear 
fluorescent masses and pin-point foci of cytoplasmic fluorescence. Both 
types of fluorescence were used as the criteria for evaluating specific 
staining. Homologous staining titers of the conjugates varied from 1:40 
to 1:160, while heterologous staining revealed only low levels of diffuse 
cytoplasmic fluorescence at conjugate dilution 1:5. At the end-point 
dilution, each conjugate possessed no heterologous staining reactivity 
but displayed brilliant (4+) specific staining. 


The specificity of the fluorescence staining was established by 
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the following criteria: 

(1) Staining occurred only with intracytoplasmic viral 

antigen homologous to the conjugate. 

(2) No staining was observed when conjugates were 

applied to uninfected HeLa cells. 

(3) No staining was produced by eecu neces conjugated 
normal serum to virus-infected HeLa cells. 

(4) Specific staining was completely inhibited by 
pre-treating the preparations with Daconsuaated 
immune serum homologous to the antigen being 
stained, but not by pre-treatment with hetero- 
logous immune sera or normal serum. 

In conclusion, the immunofluorescence technique developed in this 
study was both sensitive and specific for the rapid identification of 
coxsackie B viruses in tissue culture cells. Adaptation of this tech- 
nique for the detection of viral antigens in animal tissues appears 


highly promising. 
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